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INTRODUCTION 
At the time of hatch, turkey poults face two types of physiological 
challenges. From the nutritional point of view, newly hatched poults have 
to utilize carbohydrates provided in the diet as the main source of energy, 
instead of fat contained in the egg yolk. The immature digestive tract of 
turkey poults must adapt rapidly to such changes to optimize the 
utilization of energy sources as well as other nutrients. 
The second challenge is represented by the wide variety of antigens 
and pathogens present in the environment. Protection against pathogens 
must be achieved either through passive immunity or through the capacity of 
the newly hatched turkey to respond to antigenic stimuli or infectious 
agents. 
General, nonspecific effects of infection (fever, depressed feed 
intake, reduced growth, leukocytosis, etc.) can be induced in domestic 
species by injecting bacterial lipopolysaccharide (LPS) from different 
genera of bacteria. Injection of LPS from Escherichia coh' has been used 
to induce an immune stress in chickens with consistent results. The use of 
such a model eliminates the need for special management cautions and for 
the use of isolated facilities that are essential when infectious agents 
are used to induce diseases experimentally. Therefore, LPS injection was 
used in the research described herein to Induce an immune stress in newly 
hatched turkeys. Furthermore, dietary energy concentration was Increased 
In an attempt to compensate for the decrease in energy intake associated 
with the Induction of immune stress. The effects of early Immune stress 
and changes in dietary metabolizable energy concentration on growth. 
nutrient utilization, and selected characteristics of Immune function were 
studied by using different criteria. Nutrient utilization was assessed by 
determining dietary energy and nitrogen retention, jejunal sucrase specific 
activity, and plasma uric acid. Immune function was monitored by 
estimating the concentration of Immunoglobulin (Ig) A and IgG In jejunal 
mucosa and IgG in plasma and by determining blastogenic responses to the 
mitogens concanavalin A and LPS. 
The research discussed in this dissertation was divided into three 
experiments. In Experiment I (Paper I) preliminary research was conducted 
to determine whether intraperitoneal injection of LPS from Escher ichia col i  
(1 jug LPS/g body weight) Induced effects on growth and feed Intake of newly 
hatched turkeys similar to those reported with 16-day-old chickens. 
Dietary concentrations of metabolizable energy tested in Experiment 2 were 
determined on the basis of the results obtained in Experiment 1. 
Experiment 3 was designed to test whether the effects observed in 
Experiment 1 could be repeated and to determine whether the addition of 
Ibuprofen, 2-(4 1 so-butylphenyl) propionic acid, to practical turkey 
starter diets would Increase feed Intake of LPS-Injected turkeys, as has 
been described when Ibuprofen was Injected into rats that were Immune 
stressed. Parts of the results of Experiments 2 and 3 were pooled for 
presentation in two sections. The results on growth and nutrient 
utilization are presented In Paper II and those related to immune function 
are presented in Paper III. 
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Explanation of Dissertation Format 
The dissertation Is divided In a Literature Review, three papers, and 
a General Summary. The Literature Review provides an overview of the 
development of the digestive and Immune systems In avian species and of the 
interaction between nutrition and immune response. Paper I is written 
following the instructions for authors of Poultry Science, although it is 
not Intended for publication. Papers II and III are manuscripts Intended 
for publication with minor modifications in Poultry Science. F. J. Piquer, 
J. L. Sell, M. F. Soto-Salanova, LI. Vilaseca, P. E. Palo, and K. Turner 
are the authors of Paper II and F. J. Piquer, J. L. Sell, M. J. Jeffrey, M. 
Kaiser, S. Akinc, and D. L. Reynolds are the authors of Paper III. F. J. 
Piquer is the senior author of the three papers included in this 
dissertation. References cited in the Literature Review are listed 
following the General Summary. 
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LITERATURE REVIEW 
The Development of the Digestive System in Turkey Poults 
The development of the organs that constitute the digestive system of 
poultry has been documented both with chickens and turkeys. Katanbaf et 
al. (1988) reported allometric changes of supply and demand organs In 
chickens from the time of hatch until 56 days of age. The relative weight 
of supply organs (lung, proventrlcuius, liver, esophagus, small Intestine, 
and heart), expressed as the ratio of organ weight to total empty body 
weight. Increased from Day 1 to Day 10 of age whereas the relative weight 
of demand organs (breast, legs, wings, and feathers) began to Increase 
markedly after 10 days of age. Similar patterns of allometric development 
were.observed by Sell et al. (1991) with turkey poults. Sell et al. (1991) 
reported Increasing relative weights (weight of the organ as percent of 
body weight) of proventrlcuius, gizzard, small Intestine, and pancreas from 
2 to 4 days prior to hatch to 6 to 8 days of age. Moreover, the functional 
development of the supply organs liver, pancreas, and small Intestine in 
poultry has also been documented. 
The liver of newly hatched poultry Is characterized by having a high 
concentration of lipids and a low glycogen content. Entenman et al. (1941) 
reported that the lipid concentration In the liver of chickens decreased 
from the time of hatch (13 to 23% total lipid) until it reached constant 
concentrations (5 to 5.6%) between 10 and 15 days of age. The lipids 
mobilized during this period were mainly cholesterol and triglycerides, 
whereas the phospholipid concentration remained constant from day 1 to 56 
days of age (Entenman et ah, 1941). Freeman (1965) described the changes 
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In liver glycogen and blood glucose concentrations that occur during the 
hatching period in chickens. Glycogen stores In the liver decreased from 
190 mg/g in an 18 %-day or full-term chicken embryo to 3.0 mg/g at the time 
of hatch and 1.6 mg/g 1 day after hatching. Blood glucose Increased 
concurrently from 107 to 133 mg/100 mL (Freeman, 1965). Repletion of 
glycogen stores In young poultry must be done from external sources of 
nutrients. Carcass glycogen Increased in turkey poults after 6 days of age 
and was related to an increase in glycogen synthase activity expressed as 
units/100 g of body weight (Rosebrough et ah, 1979). Moreover, the 
Increase In glycogen synthase activity was affected by dietary 
modifications. The addition of 4% sucrose in the drinking water Increased 
the activity of glycogen synthase over that of control turkey poults at 6 
days of age (Rosebrough et a7., 1979). 
The activities of pancreatic enzymes also change markedly during late 
embryonic development and early life in both chicks and turkey poults. 
Marchaim and Kulka (1967) reported that total activities of amylase, 
procarboxypeptidase, and chymotrypsin increased markedly in chickens from 
13 days of incubation to 2 to 3 days posthatch. The specific activities 
(units/mg of protein) of these enzymes also began to Increase markedly 
after 16 days of Incubation. However, the activity of each enzyme 
Increased in a different manner. Increases in specific activity of 
amylase, carboxypeptidase, and chymotrypsin were twofold, ninefold, and 24-
fold, respectively, for the period studied (Marchaim and Kulka, 1967). 
Krogdahl and Sell (1989) and Sell et al. (1991) observed similar age-
related patterns of change in the activities of pancreatic lipase, amylase. 
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and trypsin in turkeys. Lipase, amylase, and trypsin specific activities 
(/unoles of substrate hydro!yzed/mg of protein hourly) increased 
approximately 10-fold, sixfold, and sevenfold, respectively, from 2 to 4 
days prior to hatch until 4 to 6 days of age. These changes were of a 
greater magnitude when activities were expressed per 100 g of body weight 
because of the relatively fast growth of the pancreas during the period 
around hatch (Sell et a7., 1991). 
Pancreatic enzymes and zymogens have to be secreted into the 
intestinal lumen to be active in the digestion of nutrients. Krogdahl and 
Sell (1989) determined the age-related changes in amylase, lipase, trypsin, 
and protease activities in the intestinal contents of turkey poults from 
the day of hatch until 56 days of age. Activities of the enzymes, 
expressed as percentage of the activity detected at 56 days of age, 
generally increased from the day of hatch. Trypsin activity peaked at 2 
weeks of age, and amylase activity at 48 days of age. Lipase activity in 
the intestinal contents increased throughout the period studied, especially 
after 2 weeks of age when turkey poults were fed a high-fat diet. However, 
when turkeys were fed a low-fat diet, lipase activity in the Intestine 
reached a maximum at 2 to 3 weeks of age and decreased thereafter. 
Digestion and absorption of nutrients are completed by the enzymes 
and transport mechanisms located In the intestinal mucosa. ' Siddons (1969) 
reported that most of the activities of maltase and sucrase were associated 
with the intestinal mucosa of chickens and Weiser (1973) observed that 
there is a gradient of sucrase activity in the intestinal villi of rats. 
Activity decreased from the tip of the villi towards the crypt and was 
7 
mainly associated with the plasma membrane of the enterocytes (Welser, 
1973). Disaccharldase activity was detected In chicken embryos at 12 days 
of embryonic development and total maltase and sucrase activities 
(units/Intestine) increased until 43 days of age. However, specific 
activities (units/mg of protein) of maltase and sucrase Increased 70-fold 
from Day 17 to Day 21 of incubation, decreased from Day 1 to Day 8 of age, 
and Increased again until 43 days of age (Siddons, 1969). Age-related 
changes in disaccharldase activities in the small intestine of turkey 
poults have been described by Sell et al. (1989) and Sell et al. (1991). 
Sell et al. (1989) reported Increases in the specific activities (/unoles of 
substrate hydrolyzed/mg of protein hourly) of maltase, sucrase, and 
isomaltase from 2 to 28 days of age in the duodenum, jejunum, and ileum of 
turkey poults. In research reported later. Sell et al. (1991) observed 
that, similar to chickens, maltase and sucrase specific activities in the 
intestine of turkey poults increased markedly (150-fold and 10-fold, 
respectively) from Day 24 of incubation until Day 1 of age and declined 
from Day 1 of age until reaching specific activities that were one fourth 
of that at 1 day of age between 4 and 6 days of age (Sell et al. y 1991). 
Specific activities of sucrase and maltase in turkeys have been reported to 
reach minimum values between Days 4 (Sell et a7., 1991) and 13 (Sell and 
Angel, 1990) of age. 
Age-related changes in the activity of glycylleucine dipeptidase in 
chickens have been reported by Tarvid (1991). Similar to the age-related 
changes in disaccharldase activities discussed previously, the activity of 
glycylleucine dipeptidase per whole small intestine Increased from the time 
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of hatch until 40 days of age, whereas the activity per gram of tissue had 
a minimum value at 7 days of age. Although the presence of g1ycy1-L-
leuclne and g1ycy1-L-va11ne dipeptldase activity has been reported In 21 
day-old turkeys (Schmidt et af., 1985), age-related changes In such 
activities In turkeys have not been documented to the author's knowledge. 
The development of amino acid transport mechanisms In chickens has been 
reported for some amino acids. Pratt and Terner (1971) determined in v i t ro 
the ability of the chicken Intestine to transport ^^C-label1ed glycine, 
valine, and lysine around the hatching period. The transport capacity for 
the three amino acids was greater between 1 day prior to hatching and 3 
days of age, although the magnitude and trend of change during the period 
studied were different for each amino acid. The transport ability for each 
amino acid decreased slowly after 3 days of age. Lerner et al. (1976), 
however, did not report marked differences In methionine and glutamic acid 
transport In Intestines of 1-day-old and 8-week-old chickens. Further 
research Is needed to better understand the age-related changes In the 
ability of young poultry to transport different amino acids across the 
Intestinal wall. 
Fat utilization Is not only dependent on the activity of lipase but 
also on collpase, bile salts, and fatty acid binding protein (FABP). The 
amount of Information regarding bile salts and collpase in young poultry is 
meager or none. Evidence for a bile salt production under optimal levels 
in young chickens has been presented. Katongole and March (1980) reported 
that the addition of .05% sodium taurocholate to the diet improved fat 
utilization in broiler-type and White Leghorn chickens. Fatty acid binding 
protein activity has also been reported to Increase with age, both In 
chickens (Katongole and March, 1980) and turkeys (Sell et a?., 1986). 
Increasing activities of lipase and fatty acid binding protein, together 
with an Increased secretion of bile salts, could explain partially or 
totally the Improvement In fat utilization by young poultry after the time 
of hatch, as described by Sell et aJ. (1986). Other factors such as the 
concentration of collpase or whether an acid lipase Is present in the 
intestinal mucosa of poultry, as has been described in rats (Rao and 
Mausbach, 1990), should be considered. 
Morphological studies on the intestine of chickens have revealed 
that, concurrently with reduced enzymatic activities, villi and microvilli 
are not completely mature at the time of hatch. Moog (1950) reported 
marked changes in the morphology of the epithelial cells of the villi. 
Enterocytes became elongated and their nuclei acquired an elliptical shape 
with the long axis parallel to that of the cell between Day 20 of 
incubation and 1 day of age (Moog, 1950). Chambers and Grey (1979) 
reported that the microvilli of chicken intestines increase in length 
during the first 5 days after hatch, coincidentally with the time that the 
cytoplasmic actin microfilaments of the microvilli form a terminal 
stratified web. 
It can be concluded from the morphological and physiological studies 
described previously that, in spite of the concentration of enzymes in the 
intestine and pancreas of poultry immediately prior to hatch, chickens and 
turkeys have a limited capacity to digest and utilize nutrients during the 
first weeks of age. Katongole and March (1980) and Sell et al. (1986) have 
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reported age-related Increases In fat utilization In chickens and turkeys, 
respectively. Dry matter and nitrogen retentions are also reduced In 
turkey poults, especially during the period from 3 to 5 days of age.(Sell 
and Angel, 1990). Furthermore, glycogen stores are depleted at the time of 
hatch (Freeman, 1965) and yolk sac stores are rapidly utilized during the 
first 5 to 7 days of life (Romanoff, 1960a). Therefore, newly hatched 
poultry must adapt rapidly to utilize nutrients provided In the diet to 
grow efficiently. 
The Transfer of Passive Immunity In Avian Species 
At the time of hatch, avian species rely heavily on the passive 
transfer of immunity from the hen through the egg for protection against 
pathogens. The passive transfer of specific immunity from egg to the 
hatchling has been documented for several pathogens. However, it is beyond 
the scope of this literature review to describe all the pathogens and 
toxins for which the passive transfer of immunity has been reported. 
Therefore, only a few representative examples of pathogens of different 
nature have been selected. Grandly et al. (1946) and Schmittle and Millen 
(1948) reported the presence of antibody activity against Newcastle disease 
virus (NOV) in the yolks of eggs obtained from hens that had been exposed 
to NOV. Brandly et al. (1946) documented the time-related changes in 
antibody activity in the egg yolk, albumen, extract of allantoic sacs, 
embryo extracts, and embryo serum. Antibody titres in yolk remained 
constant throughout the 21 days of Incubation but antibodies were not 
detected in chicken embryonic serum until 15 days of incubation. The 
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passive transfer of antibodies against equine encephalitis has also been 
documented by Sooter et al. (1954) and Reeves et al. (1954) In chickens, 
doves, and other avian species. 
Passive transfer of antibody activity against bacterial pathogens has 
also been reported. Buxton (1952) and Malkinson (1965) detected the 
transfer of antibody activity to different species of Salmonella and to 
Escherichia co7/, respectively. Buxton (1952) detected the presence of 
agglutinating and non-agglutinating antibodies against Salmonel la pul lorum 
in egg yolk and serum of newly hatched chickens. Agglutinin titers in 
serum decreased more rapidly than non-agglutinin titers (Buxton, 1952). 
Brierly and Hummings (1956) reported that antibody activity against 
Salmonella pullorum in egg yolk and in hen serum were related. Titers 
detected in egg yolk were approximately l/8th of those detected in hen 
serum. 
_ Studies were conducted to determine whether the molecules with 
antibody activity in the egg yolk and embryonic serum could be transferred 
directly from the bloodstream of the laying hen Into the developing ovum. 
Nace (1953) concluded, based on immunoelectrophoretic studies, that egg 
yolk proteins resembled those of the adult hen serum and that such proteins 
can be detected in embryonic serum at different stages of development. 
Such observations were confirmed by Kaminski and Durieux (1956), who 
conducted extensive immunoelectrophoretic studies in hen serum, chick 
embryo, and egg white. Gamma-globulins were detected In embryonic sera 
between the 9th and the 12th day of embryonic development (Nace, 1953) or 
after the 14th day of embryonic development (Kaminski and Durieux, 1956). 
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Two approaches were taken to demonstrate the direct transfer of 
proteins from hen serum to the egg yolk, namely Injection of heterologous 
proteins or rad1o1abe11ed 7-globullns and their subsequent detection In the 
egg. Knight and Schechtman (1954) Injected bovine serum albumin (BSA) and 
bovine ?-gTobu11n in the brachial vein of hens and were able to detect 
these proteins in the egg yolks 2 days after Injection by using specific 
antibodies against them. The concentrations of BSA and 7-globulin in the 
egg yolk Increased until 6 days postinjection and decreased thereafter 
until none of the two proteins could be detected 15 days after injection 
(Knight and Schechtman, 1954). Patterson et a7. (1962) injected 
Intravenously ^^^I-labelled chicken ?-globulin in hens and observed a time-
related pattern of transport to the egg yolk similar to that reported by 
Knight and Schechtan (1954) with heterologous proteins. 
Further characterization of the 7-globulln fraction in serum and egg 
yolk was conducted by ultracentrifugatlon In a sucrose density gradient. 
Karthigasu et al. (1964) detected ?-globul1ns with sedimentation 
coefficients 19S and 7S both in serum and in yolk sac. Only 7S ?-globulin 
was detected in the serum of embryos Incubated for 19 days. However, both 
7S and 19S ?-globul1ns were detected in serum of 1-day-old chicks. 
The 19S or macroglobulin was reported to have a sedimentation 
coefficient between 28S and 16.7S (Leslie and Clem, 1970). The molecular 
weight of this fraction ranged between 823 and 954 kd, whereas that of the 
7S fraction was calculated to be approximately 170 kd. Leslie and Clem 
(1970) proposed the use of the terms IgM and IgY to refer to the 19S and 7S 
Y-globulins, respectively. The term IgY was proposed instead of IgG 
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because of the differences observed in the molecular weight of the 7S ?-
globulin of mammalian and avian species. However, other authors have 
preferred the use of the term IgG and this is the term most commonly used 
currently. 
The presence of a Y-globulin immunologically distinct from IgG and 
IgM in bile, serum, and cecal contents of chickens was reported by Lebacq 
Verheyden et al. (1972) and Orlans and Rose (1972). This newly detected 
Immunoglobulin (Ig) did not cross-react with mammalian IgA. However, it 
was designated as IgA in avian species because it was the Ig predominant in 
secretions and it existed in monomeric and polymeric forms (Leslie and 
Martin, 1973). The presence of a secretory component (Bienenstock et a7., 
1973) and a J-chain (Kobayashi and Hirai, 1980) confirmed that the new Ig 
isotype was the equivalent to mammalian IgA. The three isotypes of Ig 
described have also been identified in turkeys by Saif and Dohms (1976), 
Lim and Maheswaran (1977), Goudswaard et a7. (1977), and Dohms et a1. 
(1978b). 
Once the isotypes of avian Ig were identified, several authors tried 
to detect them in the egg yolk and white. Rose et a1. (1974) reported that 
IgG is the main Ig transferred to the embryo through the egg yolk. Rose et 
al. (1974) and Goudswaard et al. (1977) detected also the presence of IgM 
and IgA in the white of chicken eggs. Moreover, Kaspers et al. (1991) have 
been able to detect IgM and IgA in the egg yolk of chickens. Kaspers et 
al. (1991) have suggested that the presence of IgM and IgA in egg yolk may 
be related to a transfer of IgM and IgA from the egg white to the egg yolk 
during the last third of embryonic development. In spite of the presence 
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of IgN and IgA In the egg, their physiological significance in the transfer 
of passive immunity is considered unimportant or not completely proved by 
some authors (Dohms et a?., 1978a; Schat and Myers, 1991). 
IgG is transferred to the egg yolk from maternal circulation in 
chickens (Brambell, 1970) and turkeys (Dohms et a7., 1978a). Furthermore, 
the transfer of IgN and IgA from the egg yolk and white has been reported 
in turkeys by Dohms et al. (1978a). Dohms et al. (1978a) labelled turkey 
IgG, IgM, and IgA with ^^®I and injected them into the wing vein of turkey 
hens to study the time-related changes in Ig concentration in hen blood and 
egg white and yolk. The results obtained by Dohms et al. (1978a) confirmed 
those reported by Knight and Schechtan (1954) and Patterson et al. (1962) 
for the whole y-globulin fraction, Furthermore, the transfer of IgG to the 
egg was estimated to be less than 1% of the dally Irreversible loss of IgG 
(Dohms et al., 1978b). 
Immunoglobulins are also transferred to the egg from lymphoid tissue 
present in the oviduct. Kimijima et al. (1990) reported a decrease in the 
number of glandular cells that contained IgG, IgM, and IgA in the oviductal 
mucosa after the passage of the egg. 
Passively transferred Ig protect young poultry against pathogens 
during the first days of life. During this period, the immune system of 
poultry must develop to have the capacity to respond to foreign antigens. 
The Development of the Immune System in Avian Species 
The development of the Immune capacity of the avian embryo and of the 
hatchling has been documented by using morphological and functional 
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criteria. Morphological studies have focused mainly on the age-related 
changes In the size and structure of lymphoid organs and on the 
determination of the numbers of lymphoid cells In different organs with 
special emphasis on thymus, bursa of Fabrlclus, and spleen. 
The thymic and bursal rudiments appear In chicken embryos at 5 and 4 
days of embryonic development, respectively (Romanoff, 1960b}. The growth 
of the thymus Is slow when compared with that of the whole embryo from Day 
10 to Day 16 of incubation but it is faster than the growth of the embryo 
from Day 16 of incubation to the time of hatch. The cortical and medullary 
zones of the thymus can be distinguished on Day 12 of Incubation and 
Nassau's corpuscles are evident on Day 19 (Romanoff, 1960b). The bursa of 
Fabrlclus begins to present epithelial buds at about Day 10 of Incubation 
and their number increases during the following days (Ratcliffe, 1989). A 
few days prior to hatch, epithelial buds acquire the morphology of mature 
follicles. Mature follicles present a differentiated cortex, medulla, and 
an epithelial tuft in contact with the bursal lumen (Ratcliffe, 1989). 
The thymic and bursal primordia do not contain lymphoid cells when 
they begin to be evident in the embryo. Colonization of the thymus by 
lymphoid precursor cells (IPC) occurs in waves. The first wave of IPC 
colonizes the thymus between Days 6% and 8 of incubation in chickens and 
between Days 5 and 6 in quail embryos (Jotereau et a7., 1980). The second 
wave of thymic colonization begins once the first wave has stopped 
(Jotereau et al., 1980). Jotereau and Le Douarin (1982) reported the 
existence of a third wave of IPC that colonizes the thymus beginning on Day 
17 of incubation in quail embryos. The colonization of the thymus by IPC 
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Immediately prior to hatching has also been reported In chickens (Houssaint 
et a7., 1983). At this time, the thymus presents the maximal growth 
relative to body weight (Romanoff, 1960b). 
In contrast to the thymus, the bursal rudiment seems to be receptive 
to colonization by LPC only between Days 7 and 12 of embryonic development 
(Lasslla et al., 1979; Houssaint et al., 1983) and is colonized by a single 
wave of LPC (Ratcliffe, 1989). The bursa of Fabricius Increases in size 
relative to body weight from the time of hatch until 4 to 12 weeks of age 
in chickens (Glick, 1956b) and until 3 to 21 days of age in turkeys (Cook 
et al., 1984). 
Lymphoid precursor cells have to proliferate and mature in thymus and 
bursa to differentiate Into T- and B-lymphocytes, respectively. As a 
result of the differentiation process, both types of lymphocytes begin to 
express specific antigens on their surface (Boyd and Ward, 1984). 
Immunoglobulins are expressed on the surface of bursal lymphoid cells 
(Lydyard et al., 1976; Ratcliffe et al., 1986) and specific markers that 
can be detected with monoclonal antibodies are present on thymocytes 
(Houssaint et al., 1985; Llllehoj and Chung, 1992). 
Proliferation of lymphoid cells results in increasing numbers of 
lymphoid cells per mg of tissue in the thymus, bursa, spleen, and bone 
marrow of chickens from Day 12 of embryonic development to 6 days of age 
(Jankovié et al., 1975). A similar pattern of change was reported by Boyd 
and Ward (1984) when the total number of leukocytes in thymus, bone marrow, 
and spleen was determined. The Increase in leukocyte numbers was more 
marked in thymus and bone marrow than in spleen. Boyd and Ward (1984) also 
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determined the percentage of leukocytes represented by lymphocytes. This 
value was constant (93 to 98%) In the thymus of chickens from Day 12 of 
embryonic development to 1 day of age. The ratio of small and medium 
lymphocytes to lymphoblasts changed from 30:67 on Day 12 to 70:27 on Day 15 
of Incubation. The percentage of lymphocytes in the bursa of Fabricius 
Increased from 24% at 12 days of incubation to 90% at the time of hatch 
whereas a marked Increase in the number of lymphocytes in the spleen was 
detected only between Day 18 of incubation (6%) and the time of hatch (24%) 
(Boyd and Ward, 1984). Coincidentally with these changes in lymphocyte 
numbers, there is an Increase in the percentage of positive cells for 
surface IgM in bursa, spleen, Harderian gland, cecal tonsils, and 
peripheral blood (Lydyard et a7., 1976; Mansikka et al., 1989). Increases 
in the number of lymphocytes per 100 cells in blood have been reported by 
Jankovié et al. (1975) In chickens and by Allsep et a1. (1990) in turkeys 
during embryonic devlopment. However, the number of lymphocytes in 
circulation as percentage of white blood cells Increases markedly only 
after hatch. Heterophils are predominant over lymphocytes in the blood of 
turkeys at the time of hatch, whereas the opposite occurs at 7 days of age 
(Allsep et al., 1990). 
Studies have also been aimed at determining the age-related changes 
in lymphocyte numbers in the intestinal tract of chickens after 3 days of 
age. To the author's knowledge, there is no Information published In the 
literature that describes such age-related changes during the embryonic 
period. Lawrence et al. (1981) reported an increasing presence of IgG-, 
IgM-, and IgA-positive cells in the intestinal lamina propria and 
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Intraepithelial lymphocytes of chickens from 9 to 31 days of age. At 31 
days of age, the number of Ig-secret1ng cells In the Intestinal tract was 
within the adult range (Lawrence et al., 1981). Similar age-related 
changes In numbers of Ig-secret1ng cells In the Inteslne have been reported 
in turkeys from 3 to 21 days of age (Cook et a7., 1984). LlllehoJ and 
Chung (1992) reported age-related changes In the Intraepithelial population 
of T-lymphocytes In the Intestine of chickens from 1 to 12 weeks of age. 
The number of CD8+ cells, expressed as percentage of the number of CD3+ 
cells reached a peak between 2 and 6 weeks of age and decreased thereafter. 
Age-related Increases In the numbers of Ig-secret1ng cells have also been 
reported In lung and spleen (Lawrence et al., 1981). 
Other studies conducted were designed to document the age-related 
changes In Immunoglobulin concentration rather that the number of Ig-
posltlve cells. Leslie et al. (1976) reported that IgY concentration In 
chicken serum decreased from 4 to 28 days of age. IgA could not be 
detected in serum until 11 days of age and Increased therafter until 39 
days of age. Increasing concentrations of IgA in the jejunal mucosa from 
the time of hatch until 29 days of age have been reported by Piquer et al.  
(1991). However, Kaspers et al. (1991) concluded that the synthesis of 
IgG, IgM, and IgA began between 2 and 7, 2 and 4, and 6 and 13 days of age, 
respectively, when Ig concentrations were measured In the offspring of hens 
with experimentally induced agammaglobulinemia. 
The knowledge acquired from morphological studies of the Immune 
system is complemented by the information obtained from research aimed at 
determining the ability of poultry to respond to antigenic challenges. 
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Functional studies have been conducted by using a great variety of criteria 
such as clearance of antigens, production of specific antibodies, release 
of cytokines, In vitro proliferative responses to mitogens, or killing of 
tumoral cells. 
Solomon and Tucker (1963) used the clearance of ^ ^Cr-1abe1led 
erythrocytes from Rhode Island hens as an Indication of the Immune function 
In White Leghorn embryos and young chickens. Most of the embryos were 
tolerant to the allogenic erythrocytes but 50% of the chicks responded at 3 
days of age. Karthlgasu and Jenkin (1963) reported an Increasing ability 
of chicken embryos to phagocytose ^^P-labelled Escher ichia col i  L i l ly  
between 10 and 18 days of Incubation as measured by the decline In 
radioactivity In blood samples. Radioactivity recovery was measured In 
liver, embryonic membranes, and spleen. Most of the radioactivity was 
recovered In the embryonic membranes on Day 10 of Incubation, whereas the 
maximum recovery was measured In liver on Day 18 of Incubation. The 
percentage of recovery In spleen was almost negligible during the 
experimental period (Karthlgasu and Jenkin, 1963). Moreover, Van Alten and 
Schetchman (1963) concluded that chicken embryos can synthesize antibodies 
on the basis of their ability to give anaphylactic reactions at 5 days of 
age when sensitized with rabbit serum or human ?-globulin at 14 or 15 days 
of embryonic development. Solomon (1966b) reported that chicken embryos 
were able to produce antibodies against goat erythrocytes at Day 12 of 
embryonic development and that maximal antibody responses at 5 days of age, 
as measured by phagocytic indices, were obtained when chicken embryos were 
injected at 14 days of Incubation. Furthermore, Solomon (1966b) attributed 
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the lower responses or lack of response of chicken embryos sensitized 
between 15 days of Incubation and the time of hatching to the presence of 
maternal antibodies In the embryonic circulation. Seto and Henderson 
(1969) used erythrocytes from several mammalian species to test antibody 
responses of chicken embryos and reported that the antibody responses were 
dependent upon dose and route of immunization. Embryos were unresponsive 
between 14 and 18 days of Incubation but chicken responsiveness Increased 
from the time of hatch and was related to an Increase In the number of 
germinal centers In the spleen (Seto and Henderson, 1969). 
Jankovid et al.  (1975) studied the Immune competence of the chicken 
embryo by transferring cells of the thymus, bursa, spleen, bone marrow, and 
peripheral blood from embryos (12 to 21 days of incubation) and 6 day-old 
chickens to the chorioallantoic membrane of embryos at 12 days of 
incubation. Jankovié et ah (1975), based on the graft versus host 
reactions, concluded that cell-mediated immunity appears in chickens in the 
second week of Incubation and that the immunological activity of the 
chicken embryo is mainly affected by the thymus and the bursa of Fabricius. 
Because of the ability of chicken embryos to respond to antigens at 
14 to 15 days of incubation (Solomon, 1966a; Solomon, 1966b; Jankovié, 
1975), attempts have been made to vaccinate chickens during the period of 
embryonic development. Sharma and Burmester (1982) vaccinated chickens 
against Marek's disease with turkey Herpesvirus at 18 days of incubation 
and at hatch. Although chickens vaccinated as embryos were better 
protected than those vaccinated at hatch when challenged with pathogenic 
Marek's disease virus at 3 days of age, chickens vaccinated at hatch were 
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well protected at 8 days of age (Sharma and Burmester, 1982). Vaccination 
against infectious bronchitis In a bivalent vaccine with turkey Herpesvirus 
has also been tested In chicken embryos at 18 days of Incubation (Wakenell 
and Sharma, 1986). Chicks vaccinated at 18 days of Incubation with this 
bivalent vaccine were protected against exposure to virulent Massachusetts 
41 strain of Infectious bronchitis virus or to Marek's disease, 
Irrespective of the presence or absence of maternal antibodies against 
Infectious bronchitis virus (Wakenell and Sharma, 1986). 
The Immune capacity of young poultry can also be assessed by 
measuring responses of lymphoid cells to different mitogens. Sharma (1988) 
Indicated that syngenic and allogenic spleen cells can suppress in  v i t ro 
blastogenic responses of spleen cells at 16 days of embryonatlon. 
Suppression of mitogenic responses was maximal on Day 18 of embryonic 
development and disappeared at the time of hatch. These results could help 
explain the lack of response to vaccines between 18 days of embryonic 
development and the time of hatch (Sharma, 1988). Moreover, Sharma and 
Belzer (1992) reported that lymphocytes from 1-week-old turkeys responded 
poorly to concanavalin A, whereas the response was well developed by 2 
weeks of age according to an assay with whole blood. 
It can be concluded from most of the evidence presented that young 
poultry are able to respond to antigenic challenges, although the immune 
system is relatively immature at the time of hatch and must develop rapidly 
during the first weeks of life. 
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Lipopolysaccharldes: Structure and Induction of Immune Stress 
Lipopolysaccharldes (LPS), also known as endotoxins or 0-ant1gens, 
are the most significant components of the outer membrane of gram negative 
bacteria. Although very diverse In antigenicity and structure, all LPS, 
with a few exceptions, share common structural properties. In general, LPS 
are constituted, from outer to Innermost, by 0-spec1f1c chains, a core, and 
lipid A (LQderltz et a?., 1983). 
0-spec1f1c chains are repeating units of oligosaccharides with a 
maximum of six residues per oligosaccharide and are unique to each serotype 
(LQderltz et al., 1983). Specificity Is due to the diversity of sugars 
that constitute the oligosaccharides and the different linkages among them. 
Some bacteria such as Neisseria, Bordetella, and Bacteroides lack 0-
speclflc chains (Hitchcock et al., 1986; Rietschel et al., 1988). 
The core Is an oligosaccharide that links the 0-spec1f1c chain and 
lipid A. The outer core contains mainly 0-glucose, D-galactose, D-mannose, 
and N-acetyl-D-glucosamlne and the Inner core Is composed mainly of 
heptoses (Luderltz et al., 1983). The variability of the core within 
bacterial species Is reduced and It Is mainly associated with the outer 
core. Thus, only five different core structures of Escherichia coli have 
been identified, namely Rl, R2, R3, R4, and K12 (Jansson et al., 1981; 
Rietschel et al., 1990). 
Lipid A is covalently linked to the inner core. It is composed of a 
hydrophilic backbone of diphosphorylated 61,6-1 inked D-glucosamine 
disaccharide that is acylated by four residues of 3-hydroxy-fatty acids 
(LOderitz et al., 1983). In E. coli, the 4 residues are 3-hydroxy-
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tetradecanolc acid. The 3-hydroxy-tetradecano1c acid residues bound to the 
positions C2' and C3' of the glucosamine backbone are linked to dodecanolc 
acid and tetradecanolc acid, respectively, in the position 3 whereas the 
other two residues are not further sterified (LQderitz et a?., 1983; 
Rietschel et aL, 1990). Lipid A is responsible for most, if not all, of 
the toxic effects of bacterial LPS (Luderitz et a/., 1983). 
Some of the in  v ivo toxic effects of LPS injection include fever, 
induction of leukocytosis, bone marrow necrosis, induction of release of 
tumor necrosis factor (TNF) and interleukin-1 (IL-1), anorexia, and reduced 
weight gain in growing animals. 
Increased body temperature as a consequence of LPS injection has been 
reported in humans (Michie et a7., 1988), in sheep (Sloane et a7., 1992), 
in rabbits (Lindblerg et a7., 1983), and in chickens (Klasing et a7., 
1987a). Concurrently with the induction of fever, the phagocytic activity 
of monocytes and macrophages is altered. Benacerraf and Sebestyen (1957) 
reported a transitory reduction in the phagocytic activity of blood 
monocytes and liver Kupffer cells in mice and rabbits after injection of 
LPS from f. coli as measured by carbon clearance. Twelve hours 
postinjection, the phagocytic activity of monocytes and Kupffer cells began 
to recover and it was above that at zero time by 48 hours postinjection 
(Benacerraf and Sebestyen, 1957). However, there seems to be an increase 
in phagocytic activity prior to this transitory decrease. Arredondo and 
Kampschmidt (1963) reported a dose-dependent increase in phagocytic 
activity of the reticuloendothelial system of rats Injected with E. col i  
LPS 2 hours after Injection. These conclusions are supported by the 
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results reported by Kinoslta et  a l .  (1963) and Forbes (1965). Kinoslta et 
al. (1963) made histological observations of bone marrow from mice Injected 
with LPS from Serrât la narcescens. Bone marrow was partially hemorrhagic 1 
day after Injection but began to present foci of granulocytes and 
myelocytes 3 days postinjection. Seven days after Injection the structure 
of the bone marrow was well restored and the spleen doubled In size 
(Kinoslta et ah, 1963). Forbes (1965) reported a similar pattern of 
change in the number of macrophages present In the peritoneal cavity of 
albino mice Injected with 12 fig of E. coll LPS. 
Stimulation of the cells of the immune system by LPS has also been 
described in in vitro studies. Such stimulation is dose-dependent but can 
result in killing of the cell population cultured if the LPS concentration 
in the medium is excessive (McGhee et al., 1979). Lipopolysaccharides act 
as stimulating agents of B-lymphocytes (Skidmore et a7., 1975), T-
lymphocytes (Rosenstreich and Vogel, 1981), and monocytes/macrophages 
(Qureshi and Miller, 1991). Furthermore, McGhee et al. (1979) presented 
evidence for the need of T-lymphocytes and macrophages for B-lymphocyte 
stimulation. 
Lipopolysaccharides Induce the release of lymphokines in  v i t ro 
(Klasing et al., 1987a; Qureshi and Miller, 1991), as well as in vivo. The 
release of TNF and IL-1 after intravenous injection of LPS in humans has 
been reported by Michie et al. (1988). Also, a rapid Increase in plasma 
TNF after LPS injection has been documented in rabbits (Beutler et al . ,  
1985) and in sheep (Sloane et ah, 1992), with a peak of activity 2 hours 
after injection. In research conducted with chickens, Klasing et al .  
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(1987a) reported an Increase In serum IL-1 after Intraperitoneal Injection 
of LPS from E. col l .  
Evidence for the involvement of TNF and IL-1 In the depression of 
feed Intake and growth associated with LPS Injection has been presented In 
research conducted with rats and chickens. Tracey et al. (1988) observed 
that, when recombinant human TNF was administered to rats, feed Intake and 
growth were reduced as compared with a control group that had been Injected 
with human albumin. However, when TNF was given combined with monoclonal 
anti-recombinant TNF antibodies, rats ate the same amounts of feed and grew 
as well as the control group (Tracey et a?., 1988). Klasing et al. (1987a) 
observed that a reduction In body weight gain and feed Intake and an 
Increase In cloaca! temperatures of the same magnitude as that produced by 
the Injection of LPS from E. coll could be Induced In Leghorn chickens by 
Injection of a crude preparation of chicken IL-1. 
Concurrently with an increased concentration of serum IL-1 in LPS-
injected chickens, Roura et al. (1992) reported an increase in serum copper 
and liver zinc concentration, whereas the concentration of zinc in serum 
decreased. Similar changes in the distribution of copper and zinc 
associated with the induction of Immune stress were reported by Klasing et 
al. (1987b) in turkey embryos (16 days of incubation) and 1-day-old turkey 
poults when injected with 2.5 /zg of LPS. Furthermore, injection of IL-1 in 
embryos produced similar changes In the distribution of zinc and copper 
(Klasing et al., 1987b). Because of the similarities in responses of 
chickens and turkeys, injection of LPS from E. coli was considered by the 
author as a valid model to induce immune stress in 1-day-old turkey poults 
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to conduct nutritional and Immunological research. However, doses of LPS 
to be administered had to be estimated on the basis of the results reported 
by Klasing and Barnes (1988) and Roura e£ a7. (1992) and tested In 
preliminary research presented In this dissertation. 
The Effects of Undernutrition on Immune Function 
The effects of undernutrition on immune function have been documented 
in humans and in animal species. The effects of protein-calorie 
malnutrition on immune function in humans have been reviewed (Dowd and 
Neatly, 1984; Garre et a7., 1987) and will not be further discussed in this 
literature review. This section of the literature review will be focused 
mainly on the effects that changes in dietary energy and/or protein have on 
the Immune function of domestic and laboratory animal species. 
José et al .  (1973) fed mice weaned at 20 days of age with diets 
containing 28% or 6% casein and adequate energy concentrations or a diet 
with 6% casein and 50% of the energy (LPLE) in the previous diets. The 
three diets were fed for 2 weeks followed by a period of 12 weeks of 
refeeding. After the refeeding period, rats that had been fed the LPLE 
diet had a reduced cytotoxic capacity as indicated by the number of tumors 
developed after injection of DBA/2P-815-X2 mastocytoma ascitis tumor cells. 
Moreover, haemagglutination titers were reduced after 5 weeks of refeeding 
(José et al., 1973). Hook and Hutcheson (1976) also observed that reducing 
dietary protein concentration from 16 to 12 or 2% in diets for mice reduced 
the relative sizes (mg/g body weight) of thymus and spleen and the ability 
of mice to produce antibodies against sheep erythrocytes. Further research 
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was conducted by Williams et al .  (1979) to study the effect of marginal 
deprivation of methionine and choline on the development of the Immune 
system of the rat. Offsprings of dam rats marginally deprived of 
methionine (.25% methionine In the diet) during gestation and lactation 
were more susceptible to Salmonella typhimurium Infection. Moreover, their 
splenic lymphocytes and thymocytes did not respond as well as those of 
offspring rats fed a diet with .45% methionine to stimulation with 
concanavalin A and pokeweed mitogen, respectively (Williams et al., 1979). 
Severe energy-protein malnutrition was induced in steers by providing 
feed at .5% of body weight (l/5th of the maintenance requirements) by Fiske 
et al. (1985). Such a restriction resulted in a significant decrease in 
thymus size and circulating lymphocytes and in reduced antibody responses 
to chicken erythrocytes (Fiske et a7., 1985). Decreased lymphocyte 
proliferation in response to concanavalin A and recombinant human 
1nter1eukin-2 has been reported in calves fed diets that supplied 50% of 
the maintenance requirements (Griebel et a7., 1987). 
Chandra (1983), based on human epidemiological studies, attributed 
some of the negative effects of undernutrition on immune function to a 
decreased number of lymphocytes that is more marked in the T4^ cells, as 
indicated by a decreased ratio of T4^ to T8^ lymphocytes. 
The effects of altering the energy and/or protein concentration of 
the diet on humoral and cell-mediated immunity of chickens have been 
reported by Glick et al. (1981) and Glick et al. (1983), respectively. 
Glick et al .  (1981) reported that chickens fed diets severely deficient 
(l/3rd of the control) in protein, limiting amino acids and/or energy had 
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lower antibody responses to sheep red blood cells than chickens fed diets 
with 3,136 kcal ME/kg, 1.21% lysine, and .89% methionine from the time of 
hatch. However, the effects of reduced protein and/or energy Intake on 
antibody production did not seem to be related to a reduced number of white 
blood cells or lymphocytes (Glick et a?., 1983). Also, Tsiagbe et a7. 
(1987) reported that chicks fed a corn-soybean meal based diet supplemented 
with .25% methionine (.60% methionine in the diet) presented an Increased 
primary response to sheep red blood cells and greater response to the 
mitogen phytohemagglutinin A, as measured by swelling of the wing web, than 
chickens fed diets with less supplemental methionine. However, maximal 
growth responses were obtained with supplementation of the basal diet with 
.125% OL-methionine. Tsiagbe et al. (1987) concluded, therefore, that the 
methionine requirement for optimal immune response may be greater than the 
requirement for maximal growth. 
All the research on nutrient Intake and immune function mentioned 
previously has been conducted in experimental animals that did not present 
any evident sign of disease. However, it is of interest in animal 
production to determine whether the requirements for optimal growth and 
Immune function are the same when Immune stress or disease are present 
(Klasing and Barnes, 1988). 
Depressed feed Intake and reduced growth or production are common 
consequences of the presence of an immune challenge or disease (Klasing and 
Austic, 1984a). Although anorexia may be considered as a physiological 
response to the presence of ah immune challenge, metabolic changes such as 
increased heat production (Siege! et ah, 1982) and muscle degradation 
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(Klasing and Austic, 1984b), synthesis of acute phase proteins (Klasing et  
al., 1987b) or antibody production that are part of the response to 
Immunogens may Increase the requirements for energy or protein during the 
period of reduced feed Intake. Schmidt et al .  (1985) Injected Escher ichia 
coU Into the yolk sac of turkey poults and studied the effects of 
Infection when turkeys were fed diets with 28 and 22% crude protein. 
Turkeys fed the 22% protein diet grew less than those fed the diet with 28% 
protein, irrespective of Infection with f. coli, during the first 2 weeks 
of life. Klasing and Barnes (1988) concluded, based on growth and feed 
efficiency data, that the requirement for methionine and lysine of broiler 
chickens may be reduced when chickens are under immunological stress. More 
recently, the effects of changing the concentration of dietary 
metabolizable energy (ME) on growth of chickens under immune stress have 
been reported by Benson et al. (1993). Increasing dietary ME above 3,200 
kcal/kg by replacing corn starch for cellulose resulted in equal growth of 
chicks injected with LPS and controls. However, increasing dietary ME 
above 3,200 kcal/kg by adding corn oil to the diet did not overcome the 
adverse effect of LPS injection on growth. It should be taken into 
account, when interpreting data reported by Klasing and Barnes (1988) and 
Benson et ai. (1993), that the chickens used in their experiments were 9 
days of age or older and that the experiments lasted 6 days. 
To the author's knowledge, only the experiment reported by Schmidt et  
al. (1985) was done with day-old turkey poults to induce a disease and to 
study the effects of changing diet composition on growth characteristics. 
Moreover, research reported by Piquer et al. (1991) was conducted to 
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determine the effects of a disease on the development of the Immune system 
of young turkeys. Piquer et al. (1991) used concentrations of IgA In the 
jejunum and bile of turkeys as the main criteria to assess Immune function, 
when an Intestinal disease, stunting syndrome, was selected as the Immune 
challenge. Therefore, more Information Is needed to determine whether an 
Immune challenge at early ages may affect the development of the immune 
system and whether changes In the diet composition may affect growth and 
immune function of newly hatched turkeys under immune stress. 
The Use of Ibuprofen to Overcome the Consequences of Immune Stress 
Parenteral administration of LPS to laboratory animals results in 
arterial hypotension and altered blood flow distribution (Breslow et a7., 
1987). These effects on general circulation are associated with an 
Increased production of prostaglandins (PG) and thromboxanes (Tx) (Peter, 
1986; Fink et ah, 1989). Prostaglandins and Tx are produced by metabolism 
of 5,8,11,14,-eicosatetranolc acid (arachidonic acid) anà 8,11,14-
eicosatrienoic acid (d1homo-?-linoleic acid) through the cyclooxygenase 
pathway (Lee and Katayama, 1985). 
Increased production of PGF2a, 6-Keto PGFla, and TxB2 related to 
endotoxin administration has been reported in pigs (Hardie and Olson, 1987; 
Nishijima et a7., 1988; Fink et ah, 1989). An increase in circulating PG 
can be induced also in vivo and in vitro by administration of the cytokines 
tumor necrosis factor (TNF) and interleukin-1 (IL-1). Kawakami et ah 
(1986) reported that the addition of TNF and IL-1 to the culture medium 
stimulated the production of PGI2a (prostacyclin), a potent vasodilator 
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(Lee and Katayama, 1985), by vascular endothelial cells in  v i t ro.  Similar 
effects of cytokine administration have been reported in vivo with 
different species. Kettelhut et al. (1987) reported marked increases in 
plasma 13,14-dihydro-15 KetoPGE2a, a metabolite of PG2a, when human 
recombinant TNF was injected intravenously into rats. Similar effects on 
plasma 13,14-dihydro-15 KetoPGEZa were reported when rats were injected 
with recombinant human or murine IL-1 (Hellerstein et al., 1989). Also, 
Johnson et ah (1989) reported an increase in the concentration of TxB2, 6-
Keto-PGFla (the stable metabolite of PGI2a), and PGE2a in lung lymph of 
sheep after injection of human recombinant TNFa. 
Ibuprofen, 2-4(iso-butylphenyl) propionic acid, also known as 
Motrin*, is a non-steroidal, anti-Inflammatory, and antipyretic agent that 
acts as a cyclooxygenase inhibitor (Adams et aJ., 1969a). Administration 
of Ibuprofen to pigs during endotoxic shock decreased the concentrations of 
plasma TxB2 and 6-Keto-PGFla (Nishijima et ah, 1988; Fink et ah, 1989) 
and prevented the increase in plasma 13,14-dihydro-15 ketoPGE2a observed 
after Injection of recombinant human TNFa into rats (Kettelhut et  ah,  
1987). 
Ibuprofen has also been reported to decrease plasma TNF activity when 
endotoxic shock was Induced in sheep by injection of Pseudomonas aeruginosa 
(Leeper-Woodford et ah, 1991) and to prevent the anorexigenic effects of 
IL-1 in rats when administered i.v. (10 mg/kg body weight) prior to 
injection of recombinant murine IL-1 (Hellerstein et ah, 1989). 
Ibuprofen can be administered also through the oral and subcutaneous 
routes (Adams et  ah,  1969b; Archimbault et  ah,  1987). Adams et ah 
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(1969b) reported a rapid absorption of Ibuprofen after oral administration 
to rats and rabbits, as Indicated by the presence of a peak of serum 
Ibuprofen concentration 20 minutes after dosage In rats and 90 minutes 
after dosage In rabbits. Serum Ibuprofen concentration then declines 
rapidly (Adams et a7., 1969b; Vandesbosche et a7., 1992). Thus, the half-
life of Ibuprofen In the bloodstream has been calculated to be 2 hours 
(Busson, 1986). 
The use of Ibuprofen has the advantage of being less toxic than 
aspirin (acetylsalicylic acid) and of presenting a relatively low Incidence 
of secondary effects (Busson, 1986). However, It can be toxic If 
administered In large doses. Toxicity has been reported In dogs given 53 
mg Ibuprofen/kg body weight dally (Jackson et a7.,1991) and In rats given 
180 mg/kg dally (Adams, 1969b) . 
Because of Its cyclooxygenase Inhibiting activity (Nishljima et  a?., 
1988) and its antlanorexigenic effect (Hellerstein et a7., 1989), Ibuprofen 
was considered to have a potential beneficial effect on growth of newly 
hatched turkeys Injected with LPS. 
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PAPER I. INDUCTION OF INHUNE STRESS BY LIPOPOLYSACCHARIDE INJECTION 
IN NEWLY HATCHED TURKEYS 
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ABSTRACT 
A 20-day experiment was conducted to determine whether an 
Immunological stress could be Induced In newly hatched turkeys by Injecting 
Ilpopolysaccharlde (LPS) and to estimate the dietary energy concentrations 
that would be needed In diets used for future research. The criteria used 
to consider the adequacy of LPS Injection as a model for future research 
were BW, feed Intake , and feed efficiency. Turkeys were Injected l.p. 
with .60, .75, and .90 mL of LPS from Escher ichia col i  0111:84 (100 pg/mL 
In saline) or saline (SAL) at 1, 3, and 5 days of age. An additional group 
of turkeys did not receive any injection (CONT). Body weight was 
significantly reduced during the experimental period (P<.05) by LPS 
injection. Body weight reduction was due mainly to a decreased feed intake 
(P<.05) from 3 to 20 days of age and was not related to the Injection of 
the carrier. Turkeys in the SAL and CONT groups grew equally and consumed 
similar amounts of feed during the experiment. Nitrogen-corrected ME in 
the diet fed to turkeys In the LPS group would have had to range between 
3,200 and 4,000 kcal/kg to equalize energy Intake with that of the CONT or 
SAL groups. Because of the high mortality observed, it was concluded that 
smaller doses of LPS should be administered to turkeys in future 
experiments to conduct nutritional and Immunological studies. 
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INTRODUCTION 
Parenteral ad1mlnistration of llpopolysaccharlde (LPS) has been 
reported to Induce physiological responses similar to those caused by 
Infection with gram-negative bacteria. Physiological responses to LPS 
Injection Include fever, anorexia, Impaired growth, release of cytokines, 
increased prostaglandin (PG) production, and synthesis of acute phase 
proteins. 
Increased body temperature after LPS Injection has been reported In 
rabbits (Lindberg et al., 1983), chickens (Klasing et al., 1987a), humans 
(Michle et ah, 1988), and sheep (Sloane et al., 1992). The febrile and 
other responses are related to an Increased release of cytokines. 
Injection of 1nter1euk1n-l (IL-1) in chickens caused an Increase In cloaca! 
temperature similar to that caused by LPS Injection (Klasing et al . ,  
1987a). Evidence for the Involvement of IL-1 and tumor necrosis factor 
(TNF) in the Increase of PG and thromboxanes release and anorexia has also 
been presented (Kettelhut et al., 1989; Hellerstein et al., 1991). 
Prostaglandins and thromboxanes act as potent vasodilators and hypotensors 
(Lee and Katayama, 1985). Reduced feed intake and growth have been 
reported in research conducted with rats injected with IL-1 (Hellerstein et 
a/., 1991) or TNF (Tracey et a/., 1988) and chickens injected with IL-1 
(Klasing et a/., 1987a). 
Injection of LPS also causes changes in the distribution of zinc and 
copper in tissues. Roura et al. (1992) reported increases in serum Cu and 
liver Zn and a concurrent decrease in serum Zn in chickens Injected with 
LPS as compared with chickens injected with saline. Changes in Zn 
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concentration were consistent with Increased concentrations of 
metallothlonein In liver (Klasing et al., 1987b; Roura et al., 1992). 
Cortlcosterone concentrations in plasma were also Increased after chickens 
were Injected with LPS (Klasing et al., 1987a), therefore the term 
"Immunological stress" was selected to refer to the wide array of 
physiological changes that follow Injection of LPS (Klasing et aL, 1987a). 
To our knowledge, only Klasing et al .  (1987b) have reported the 
Induction of Immune stress by LPS Injection In young turkeys. Klasing et  
al. (1987b) Injected .25 or 2.5 ng of Escherichia coli LPS Into embryos at 
16 days of incubation or into 1-day-old turkeys, respectively. Injection 
of LPS or IL-1 produced changes In tissue Zn and Cu concentrations similar 
to those reported with chickens (Klasing et al . ,  1987b; Roura et al . ,  
1992). The dose of LPS needed to induce a marked depression in feed Intake 
and body weight in newly hatched turkeys has not been reported. The 
experiment described herein was designed with two objectives. The first 
objective was to determine the approximate dose of LPS needed to induce an 
Immune stress in 1-day-old turkeys. The second objective was to ascertain 
the dietary energy concentrations that could be used In future research to 
study the effects of increasing dietary energy concentration on growth, 
nutrient utilization, and immune function of turkey poults under immune 
stress. 
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MATERIALS AND METHODS 
One hundred fourty-four, l-day-o1d male turkey poults (Nicholas Large 
White) were obtained from a commercial hatchery. Turkey poults were 
divided In five groups (pens) with 16 turkeys each and eight groups with 
eight turkeys each. A11 groups had a similar average Initial body weight. 
Three treatments, control (CONT), Injection with saline (SAL), and 
Injection with llpopolysaccharlde (LPS), were used in this experiment. 
Pens in the CONT group had 16 turkeys each, whereas those in the SAL and 
LPS groups had eight turkeys each. Turkeys were not distributed evenly 
among treatments because sampling In the CONT group was planned to measure 
age-related changes in natural killer cell activity in Isolated 
intraepithelial lymphocytes by using a ^^Cr-release assay (Chai and 
Lillehoj, 1988). However, this assay could not be conducted because of 
poor labelling of the target cell line and because the number of 
Intraepithelial lymphocytes obtained from the whole Intestine of each 
turkey was insufficient at 1 and 3 days of age. 
Turkeys in the LPS and SAL groups were Injected i.p. at 1, 3, and 5 
days of age with .60, .75, and .90 mL of either a solution of LPS from 
Escherichia coli 0111:84^ (100 ng/mi saline) or saline. Saline (SAL) and 
LPS solutions were prepared fresh at the beginning of the experiment and 
sterilized by passage through a .45 im filter^ prior to injection. 
Turkeys in the CONT group did not receive any Injection. Thus, it could be 
^Sigma Chemical Company, St. Louis, MO 63178. 
^Nalge Company, Rochester, NY 14602-0365. 
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determined whether the handling associated with the Injection had any 
negative effect on growth. 
All treatment groups received a corn-soybean meal based diet (Table 
1) formulated to meet or exceed the National Research Council (NRC) 
recommended concentrations of all nutrients (NRC, 1984). A feed sample was 
taken at the time of mixing and stored at 4 C until It was ground to pass 
through a 1.0 mm sieve and analyzed for dry matter, ash, protein, and fat. 
Dry matter was determined by drying In a forced draft oven at 72 C until 
samples reached a constant weight. Ash was determined by using a muffle 
oven at 600 C for 24 hours. Nitrogen concentration was determined by the 
macroKjeldahl method (Association of Official Analytical Chemists, AOAC, 
1980, section 2.057) and percent protein was calculated as 6.25 x percent 
nitrogen (AOAC, 1980, section 14.068). Fat concentration was determined by 
ether extraction (AOAC, 1980, section 7.056). Calculated and determined 
analyses of the diet are shown In Table 2. 
Turkeys were housed in stainless steel, electrically heated battery 
brooders^. Pen temperature was maintained at 35 C for the first week of 
life and at 32 and 30 C during the second and third weeks of the 
experiment, respectively. Feed and water were provided for ad l ib i tum 
consumption throughout the 20-day experiment. Poults and feed were weighed 
at 1, 3, 5, 7, 9, 11, 13, 17, and 21 days of age and feed efficiency was 
calculated as the feed to BW gain ratio for each period. 
Because of the heavy mortality in the LPS-1njected turkeys, turkeys 
Spetersime, Gettysburg, OH 45328. 
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TABLE 1. Ingredient composition of the corn-soybean meal diet 
Ingredient 
(%) 
Corn 40.59 
Soybean meal 
(46.46% crude protein) 53.20 
Animal-vegetable fat 1.67 
Dicalclum phosphate 2.33 
Limestone 1.47 
Mineral premix, .30 
Vitamin premix* .30 
0L-meth1on1ne .14 
'Supplied per kg of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 mg; 
selenium, .15 mg; sodium chloride, 2.60 g. 
^Supplied per kg of diet: vitamin A (retinyl acetate), 5,000 lU; 
cholecalclferol, 1,500 lU; dl-a tocopheryl acetate, 12 lU; vitamin B,;, 11 
/ig; vitamin K (menadione sodium bisulfite), 1.8 mg; riboflavin, 2.7 mg; 
pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 f ig .  
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TABLE 2. Composition of the corn-soybean meal diet 
Calculated 
analysis 
Dry matter, % 90.4 
ME„, kcal/kg 2,800 
Crude protein, % 28.50 
Ether extract, % 3.45 
Crude fiber, % 2.97 
Total sulfur amino acids, X 1.05 
Methionine, % .60 
Lysine, % 1.75 
Calcium, % 1.20 
Nonphytate phosphorus, % .60 
Sodium, % .13 
Chloride, % .22 
Potassium, % 1.20 
Selenium, mg/kg .22 
Zinc, mg/kg 72 
Vitamin A, lU/kg 5,040 
Cholecalclferol, lU/kg 1,500 
Vitamin E, lU/kg 25 
Riboflavin, mg/kg 5 
Pantothenic acid, mg/kg 23.6 
Niacin, mg/kg 96.4 
Choline, mg/kg 2,103 
Linoleic acid, % 1.6 
Xanthophyll, mg/kg 6.9 
Determined analysis 
Dry matter, % 89.46 
Protein, % 27.80 
Ash, % 7.02 
Ether extract, % 3.60 
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in one of the three LPS-injected groups were redistributed among the other 
two pens at 7 days of age. Also, data from one of the CONT pens were not 
included in the statistical analysis because the turkeys did not have 
adequate access to drinking water during the first 2 days of the 
experiment. 
Statistical analysis of the data was done by analysis of variance by 
using the General Linear Models procedure of the Statistical Analysis 
System (SAS Institute, 1985). 
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RESULTS AND DISCUSSION 
Injection of l-day-o1d turkeys with LPS resulted In reduced BW 
(P<.01) throughout the experiment (Table 3). Such an effect on BW could 
not be attributed to the handling associated with Injection or to a carrier 
effect because poults Injected with SAL grew as well as those In the CONT 
group. Klasing and Austlc (1984) reached the same conclusion when White 
Leghorn chickens were Injected with sheep red blood cells, E. coll strain 
263 (08:K87 88ab, H19), or PBS. However, no unlnjected control was 
Included In the experiments of Klasing and Austlc (1984). Therefore, we 
considered the inclusion of a noninjected control In the experiment 
reported here necessary to justify the presence or absence of such a 
control treatment In future research. 
The reduction In BW observed was due to a reduction in BW gain that 
ranged from 45% for the period 1 to 3 days of age to 21% at the end of the 
experimental period. This reduction is more severe than those reported by 
Klasing et a7. (1987a) and Klasing and Barnes (1988). Reductions in BW 
gain reported by Klasing et al. (1987a) and Klasing and Barnes (1988) 
ranged from 12 to 20% when LPS from f. col i  strain 011:84 was injected into 
9-day-old White Leghorn and 16-day-old broiler chickens, respectively. 
Differences in the severity of BW gain reduction may be partly due to 
differences in the LPS dose administered. Klasing and Barnes (1988) 
injected chickens with .82 ng LPS/g BW, whereas in the current experiment 
the average dose of LPS injected was 1.16, 1.27, and 1.22 /ig LPS/g BW at 1, 
3, and 5 days of age, respectively. Susceptibility to LPS injection may 
also be influenced by age and/or species. However, the influence that 
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TABLE 3. Body weight of turkey poults unlnjected (CONT) and Injected 
with 11popo1ysacchar1de (LPS) or saline (SAL) 
Age (days) 
Treatment 1 3 5 7 9 11 13 17 20 
-(g/poult)-
CONT 52.1 65.1 85.1 110.2 143.8 182.6 229.3 327.4 424.9 
LPS: 51.8 58.9 73.9 90.5 116.4 147.0 185.6 247.1 357.8 
SAL: 51.9 64.7 85.7 112.3 142.7 182.0 230.6 329.0 420.4 
SEM^ .8 1.6 3.0 2.2 4.1 5.5 7.7 13.1 
Source of 
variation Probabilities 
Treatment .01 .01 .01 .01 .01 .01 .01 .03 
^Injected Intraperltoneally with .60, .75, and .90 mL of LPS In saline 
(100 iig LPS/mL) at 1, 3, and 5 days of age, respectively. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
^Means of four pens In the CONT group and three pens In the LPS and SAL 
groups. After 7 days of age, there were two pens In the LPS group. 
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these two factors may have on the severity of the effects of LPS Injection 
on BW gain could not be estimated from thé results obtained In this 
experiment. Experiments would have to be designed to test the effects of 
age and differences between species In the response to LPS injection. 
The depression In BW was mainly due to decreased feed Intake (Table 
4). Feed Intake (FI) of turkeys In the LPS group was consistently less 
(P<.05) than that of turkeys In the CONT and SAL groups, except for the 
period from 11 to 13 days of age. Anorexigenic effects of LPS Injection In 
poultry have also been reported by Klasing and Austic (1984) and Klasing 
and Barnes (1988) In research conducted with chickens. Anorexia Is 
mediated by the release of cytokines. Evidence for the Involvement of 
1nter1eukin-l (IL-1) as a mediator In the depression of FI observed In 
poultry has been presented by Klasing et al. (1987a). Tracey et al. (1988) 
and Hellerstein et al. (1989) have also reported evidence for a role of IL-
1 and tumor necrosis factor, respectively, as mediators of the anorexic 
responses of rats under immune stress. According to Klasing and Austic 
(1984), anorexia is evident 4 hours after Injection of E. coll in chickens 
and lasts for 24 hours, approximately. However, the effects of LPS 
injection on FI were still evident after a 48-hour period (Klasing and 
Austic, 1984) 
Feed intake was depressed by 15%, 36%, and 31% for the periods 1 to 
3, 3 to 5, and 5 to 7 days of age, respectively, in the current study. The 
magnitude of these FI reductions was greater In the current experiment than 
the 10% reduction observed in experiments reported by Klasing and Barnes 
(1988). Such a difference in the magnitude of FI reduction may be due to 
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TABLE 4. Feed Intake of turkey poults unlnjected (CONT) and Injected with 
llpopolysaccharlde (LPS) or saline (SAL) 
Period (days of age) 
Treatment 1 to 3 3 to 5 5 to 7 7 to 9 9 to 11 11 to 13 13 to 17 17 to 20 
CONT 
LPs: 
SAL: 
SEM^ 
Source of 
variation 
Treatment 
(g/poult) 
12.5 23.3 32.7 43.7 53.3 64.5 154.6 158.2 
10.6 16.1 20.9 30.1 44.2 56.6 131.5 136.0 
15.2 23.9 31.6 43.6 53.2 67.7 152.8 156.6 
.4 .6 1.5 .7 2.0 2.8 4.6 5.6 
.01 .01 .01 
-Probabllltles-
.01 .05 .11  .05 .09 
^Injected Intraperltoneally with .60, .75, and .90 mL of LPS 1n saline 
(lOOpg LPS/mL) at 1, 3, and 5 days of age, respectively. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
^Means of four pens In the CONT group and three pens In the LPS and SAL 
groups. After 7 days of age, there were two pens In the LPS group. 
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differences In the dose of LPS given and/or differences between species In 
their response to LPS Injection. 
The reduction In BU gain of turkeys In the LPS group was proportional 
to the decrease in FI as indicated by the absence of significant effects of 
LPS injection on feed efficiency (FË), except for the period from 1 to 3 
days of age (Table 5). In contrast, Klasing et al. (1987a) and Klasing and 
Barnes (1988) reported impaired FE of chickens Injected with LPS as 
compared with pair-fed controls or controls given ad libitum access to 
feed, respectively, in experiments that lasted 6 days. 
The severe impairment in FE observed from 1 to 3 days of age should 
be carefully Interpreted. Newly hatched poultry consume relatively large 
amounts of water. The need for an adequate rehydration during the first 
week of life has been documented by Thaxton and Parkhurst (1976) with 
broilers. Because water consumption was not measured in the current 
experiment, it could not be determined what proportion of the weight gain 
during the age period of 1 to 3 days could be attributed to water 
consumption in the CONT and SAL groups. Therefore, it cannot be concluded 
whether the adverse effect of LPS injection on FE from 1 to 3 days of age 
was confounded by a decreased water consumption or whether it was related 
to an altered utilization of nutrients, as suggested by Klasing et al .  
(1987a). 
We concluded, based on the effects of LPS injection of growth 
parameters, that i.p. injection of LPS into newly hatched turkeys can be 
used to induce an early immune stress. However, because of the heavy 
mortality observed (40% in the LPS group), the dose to be used in future 
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TABLE 5. Feed efficiency (feed:ga1n) of turkey poults unlnjected (CONT) 
and Injected with llpopolysaccharide (LPS) or saline (SAL) 
Period (days of age) 
Treatment 1 to 3 3 to 5 5 to 7 7 to 9 9 to 11 11 to 13 13 to 17 17 to 20 
(g/g) 
CONT 
LPS: 
SAL' 
.97 
1.49 
1.20 
1.17 
1.34 
1.14 
1.30 
1.27 
1.24 
1.30 
1.19 
1.39 
1.38 
1.45 
1.36 
1.38 
1.51 
1.39 
1.58 
1.48 
1.56 
1.62 
1.63 
1.74 
sem' .07 .06 .03 .05 .06 .06 .05 .07 
Source of 
variation Probabilities ; 
Treatment .01 .15 .29 .12 .65 .44 .43 .53 
^Injected intraperitoneally with .60, .75, and .90 mL of LPS in saline 
(100 ng LPS/mL) at 1, 3, and 5 days of age, respectively. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
^Means of four pens In the CONT group and three pens In the LPS and SAL 
groups. After 7 days of age, there were two pens in the LPS group. 
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research must be less than 1 ng/g BW. 
Future research will be conducted to determine the effect that 
changes In dietary ME^ concentration may have on growth and the development 
of the digestive and Immune sytems of turkey poults under an éarly Immune 
stress. Dietary ME^ concentrations to be used were calculated on the basis 
of the data on FI obtained 1n the current experiment. The Intake of. ME^ 
for the CONT group was calculated as FI (kg) x 2,800. The value obtained 
was divided by the FI (kg) of the LPS group. This value was used to 
estimate the ME^ that would be required In the diet of the LPS group to 
have an MEp Intake equal to that of the CONT group fed a diet with 2,800 
kcal MEp/kg. The ME^ concentrations calculated In this manner, by age 
period, ranged from 3,200 kcal/kg after 11 days of age to 4,400 kcal/kg for 
the age period of 5 to 7 days. 
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ABSTRACT 
Experiments were conducted to document the effects of an early 
Immunologic stress and changes In dietary ME^ on growth and nutrient 
utilization of newly hatched turkeys. Eight treatments were Included In 
each experiment. Treatments were the result of complete factorial 
arrangements of two types of Injection and four isonitrogenous diets. 
Turkeys in both experiments were Injected i.p. with .5, .5, and .2 ml of 
saline (SAL) or a solution of Escherichia coli lipopolysaccharide (LPS) 
(100 ng LPS/mL SAL) at 1, 3, and 5 days of age. In Experiment 1, two diets 
were formulated to contain 2,800 kca1 ME^/kg. One was a corn-soybean meal 
based diet (CSBM) and the other contained 8% Solkafloc® (SKF). A third 
diet (3,100 kcal ME^/kg) was formulated by substituting 8% sucrose (SUC) 
for the 8% SKF. The fourth diet included in Experiment 1 was formulated to 
contain 3,700 kcal ME^/kg. The CSBM and SUC diets were also included in 
Experiment 2. Two additional diets tested in Experiment 2 were the CSBM 
diet containing 74.5 mg Ibuprofen*/kg (IBU) and a corn-soybean meal based 
diet formulated to contain 3,100 kcal ME^/kg (CS31). Injection with LPS 
reduced (P<.05) BW of turkeys throughout Exp 1 and until 9 days of age in 
Experiment 2 as compared with injection with SAL, irrespective of dietary 
treatment. The reduction in BW was mainly due to a decrease In feed Intake 
(P<.05). Turkeys fed diets with 3,100 kcal MEf/kg were heavier (P<.05) 
than those fed diets with 2,800 kcal ME^kg, irrespective of injection. 
The addition of Ibuprofen* to the CSBM diet improved (P<.05) BW and feed 
efficiency (P<.01) of turkeys at 14 days of age as compared with turkeys 
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fed the CSBM diet. Determined MEp was 9 to 15% less than calculated for 
all diets and was not affected by LPS Injection. The adverse effects of 
LPS Injection on growth of turkey poults were mainly the consequence of a 
reduced FI and not of an altered nutrient utilization. Increasing dietary 
MEp to 3,100 kcal/kg did not fully overcome the reduction In BW caused by 
LPS Injection In newly hatched turkeys. 
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INTRODUCTION 
Parenteral administration of llpopolysaccharlde (LPS) has been 
reported to Induce physiological responses similar to those caused by 
Infection with gram-negative bacteria. Physiological responses to LPS 
Injection include fever, anorexia, impaired growth, release of cytokines, 
increased prostaglandin (PG) production, and synthesis of acute phase 
proteins (Lindberg et al., 1983; Klasing et a/., 1987a; Hellerstein et a/., 
1989). 
Increased body temperature after LPS injection has been reported In 
rabbits (Lindberg et al., 1983), chickens (Klasing et al., 1987a), humans 
(Michie et al., 1988), and sheep (Sloane et al., 1992). The febrile and 
other responses are related to an increased release of cytokines. 
Injection of interleukin-1 (IL-1) in chickens caused an increase in cloacal 
temperature similar to that caused by LPS injection (Klasing et a l . ,  
1987a). Evidence for the Involvement of IL-1 and tumor necrosis factor 
(TNF) in the Increased release of PG and thromboxanes and anorexia has also 
been presented (Kettelhut et al., 1989; Hellerstein et al., 1989). 
Prostaglandins and thromboxanes act as potent vasodilators and hypotensors 
(Lee and Katayama, 1985). Reduced feed intake and growth have been 
reported in research conducted with rats Injected with IL-1 (Hellerstein et 
al., 1989) or TNF (Tracey et al., 1988) and chickens injected with IL-1 
(Klasing et al., 1987a). Furthermore, plasma corticosterone concentration 
is Increased in chickens after injection with LPS (Klasing et al., 1987a). 
Therefore, the term "immunological stress" was selected to refer to the 
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wide array of physiological changes that follow injection of LPS (Klasing 
et ah, 1987a). 
The induction of an Immunological stress by Injection of LPS from 
Escherichia coli In turkeys has been reported by Klasing et al. (1987b) and 
Piquer (1994). Klasing et al. (1987b) reported Increased liver Zn and 
serum Cu concentrations after LPS or IL-1 Injection into turkey embryos (16 
days of incubation) and 1-day-old turkeys. Piquer (1994) reported that the 
injection of E. coli LPS into newly hatched turkeys caused reductions in BW 
gain that ranged from 21 to 45% of the BW gain of control turkeys. Feed 
intake was reduced 15 to 31% by LPS injection. 
Benson et al. (1993) observed that chickens injected with LPS from 
Salmonella typhimurium grew as well as chickens injected with saline when 
fed a high ME diet in which corn starch was used to obtain a dietary ME of 
3,600 kcal/kg. However, this complete compensation in growth was not 
observed when corn oil replaced cellulose in the diet (Benson et al., 
1993). Furthermore, Benson et al. (1993) reported that the ME of four 
diets fed to LPS- and SAL-injected broiler chickens was not affected by 
injection of the immunogen. In previous research (Piquer, 1994), it was 
estimated that dietary MEp would have to range from 3,200 to 4,400 kcal/kg 
to equalize ME^ intake of LPS-injected turkeys to that of control turkeys 
fed a diet with 2,800 kcal ME^/kg. This estimation was done assuming that 
the MEp value of a diet would be the same for LPS- and SAL-injected 
turkeys. 
Other authors have used antiinflammatory drugs to overcome the 
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adverse effects of an Immune stress on growth and/or feed Intake of rats 
(Hellerstein et a7., 1989) and chickens (Roura et al., 1992). Hellerstein 
et al. (1989) reported that l.p. Injection of Ibuprofen* (10 mg/kg BW) 
prior to LPS or IL-1 Injection fully overcame the depression of feed Intake 
due to Immune stress. Roura et al. (1992) added acetyl salicylic acid (3 
g/kg) to a diet fed to chickens under Immune stress; however, the dose of 
acetylsalicylic acid was excessive and Impaired growth and feed efficiency. 
The two experiments reported here were conducted to determine whether 
increasing dietary ME^ would affect growth and nutrient utilization of 
newly hatched turkeys undergoing an immune stress. The dietary MEq 
concentrations tested were 2,800, 3,100, and 3,700 kcal/kg. Furthermore, 
Ibuprofen* was added to a corn-soybean meal based diet to determine whether 
this antiinflammatory drug would increase feed intake of LPS-injected 
turkeys as described with rats (Hellerstein et ah, 1989). 
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MATERIALS AND METHODS 
Experimental Design 
Experiment J 
Five hundred and seventy-six l-day-old male turkey poults (Nicholas 
Large White) were obtained from a commercial hatchery. Twenty poults were 
placed in each of 16 pens and 16 poults were placed In each of an 
additional 16 pens so that the average poult weight was approximately the 
same in each pen. Pens were located in battery brooders. Each of eight 
treatments was randomly assigned to four pens. 
Treatments were the result of a complete factorial arrangement of two 
types of Injection and four diets. Turkeys in each of the dietary 
treatments were injected i.p. with either a solution of lipopolysaccharide 
(LPS) from Escherichia coli strain 0111:B4^ (100 pg/mL of saline) or 
saline (SAL). Both LPS and SAL solutions were filtered by passage through 
a .45 im filter^ prior to Injection. Groups injected with LPS had 20 
turkeys per pen whereas those injected with SAL had 16 turkeys per pen to 
compensate for expected death losses related to LPS injection. Volumes of 
LPS and SAL injected were .5, .5, and .2 mL at 1, 3, and 5 days of age, 
respectively. No noninjected controls were included in either experiment 
on the basis of the equal growth of SAL-injected and noninjected controls 
observed in preliminary research (Piquer, 1994). 
^Sigma Chemical Company, St. Louis, MO 63178. 
^Nalge Company, Rochester, NY 14602-0365. 
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Two of the four diets were formulated to contain 2,800 kcal MEp/kg. 
One was a corn-soybean meal diet (CSBM), whereas the other was a corn-
soybean meal based diet with the inclusion of 8% cellulose as Solkafloc®^ 
(SKF). A third diet (SUC) was formulated by replacing the 8% cellulose of 
the SKF diet with sucrose. Nitrogen-corrected ME of the SUC diet was 
calculated to be 3,094 kca1/kg. The fourth diet (HE) was formulated to 
have a calculated ME^ value of 3,700 kca1/kg. A11 diets were isoproteic 
(28.5% crude protein) and met or exceeded the National Research Council 
(NRC) recommended concentrations for other nutrients on a calculated basis 
(NRC, 1984). Blood meal and corn gluten meal were included in the 
formulation of the HE diet to maintain an amino acid composition similar to 
that of the other three diets. Diet composition and calculated and 
determined analyses are shown in Tables 1 and 2, respectively. 
Experiment 2 
Four hundred and forty-eight 1-day-old, male turkey poults (Nicholas 
Large White) were obtained from a commercial hatchery. Fifteen poults were 
placed in each of 16 pens and 13 poults were placed in each of an 
additional 16 pens so that the average poult weight was approximately the 
same in each pen. Pens were located in battery brooders. Each of eight 
treatments was randomly assigned to four pens. 
Treatments were the result of a complete factorial arrangement of two 
types of injection and four diets. Injection with LPS or SAL solutions was 
done as described for Experiment 1. Groups injected with LPS had 15 poults 
^Brown Co., New Hampshire 03570. 
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TABLE 1. Ingredient composition of the corn-soybean meal (CSBM), 
SolkafToc* containing (SKF), sucrose containing (SUC), and high energy (HE) 
diets, Experiment 1 
Diet 
Ingredient CSBM SKF sue HE 
Corn 
Soybean meal 
(46.46% crude protein) 
Solkafloc* 
Sucrose 
Blood meal 
Corn gluten meal 
Soybean oil 
D1calcium phosphate 
Limestone 
Mineral premix: 
Vitamin premlx^ 
DL-meth1on1ne 
Chromic oxide premix 
•(*)• 
38.83 22.74 22.73 24.31 
53.17 55.87 55.87 42.20 
8.00 
- • - 8.00 4.00 
- . - 4.00 
- • " 5.00 
1.46 6.83 6.83 15.78 
2.33 2.38 2.38 2.49 
1.47 1.42 1.43 1.45 
.30 .30 .30 .30 
.30 .30 .30 .30 
.14 .16 .16 .17 
2.00 2.00 2.00 2.00 
^Supplied per kg of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 mg; 
selenium, .15 mg; sodium chloride, 2.60 g. 
^Supplied per kg of diet: vitamin A (retlnyl acetate), 5,000 lU; 
cholecalclferol, 1,500 lU; dl-a tocopheryl acetate, 12 lU; vitamin B,;,, 11 
fig; vitamin K (menadione sodium bisulfite), 1.8 mg; riboflavin, 2.7 mg; 
pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 jug. 
'supplied 2 g chromic oxide per kg of diet. 
TABLE 2. Composition of the corn-soybean meal (CSBN), SolkafToc* 
containing (SKF), sucrose containing (SUC), and high energy (HE) diets. 
Experiment 1 
Diet 
Calculated 
analysis CSBH SKF sue HE 
Dry matter, % 90.42 91.05 91.69 92.20 
ME*, kcal/kg 2,800 2,800 3,094 3,700 
Crude protein, % 28.50 28.50 28.50 28.50 
Ether extract, % 3.33 8.19 8.19 16.81 
Crude fiber, % 2.97 10.08 2.72 2.27 
Total sulfur amino acids, % 1.05 1.05 1.05 1.05 
Methionine, % .60 .62 .62 .63 
Lysine, % 1.75 1.79 1.79 1.75 
Calcium, % 1.20 1.20 1.20 1.20 
Nonphytate phosphorus, % .60 .60 .60 .60 
Sodium, % .12 .12 .12 .13 
Chloride, % .22 .22 .22 .22 
Potassium, % 1.20 1.20 1.20 .96 
Selenium, mg/kg .22 .21 .21 .25 
Zinc, mg/kg 72 72 72 69 
Vitamin A, lU/kg 5,040 5,040 5,040 5,065 
Cho1eca1c1fero1, lU/kg 1,500 1,500 1,500 1,500 
Vitamin E, lU/kg 26 22 22 23 
Riboflavin, mg/kg 5.0 4.9 4.9 4.6 
Pantothenic acid, mg/kg 23.6 23.4 23.4 21.7 
Niacin, mg/kg 96.5 93.2 93.2 94.0 
Choline, mg/kg 2,104 2,078 2,078 1,729 
Linoleic acid, % 1.85 4.25 4.25 8.83 
Xanthophyll, mg/kg 6.9 4.2 4.2 18.6 
Determined analysis 
Dry matter, % 89.23 90.46 90.73 91.56 
Protein, % 28.67 29.08 28.24 28.08 
Ether extract, % 3.27 8.05 8.02 17.13 
Ash, % 7.25 7.21 7.24 6.80 
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per pen whereas those injected with SAL had 13 turkeys per pen. 
The CSBM and SUC diets were formulated as in Experiment 1. A third 
diet was formulated to be Isocaloric with the CSBM diet and to contain 74.5 
mg of Ibuprofen*^/kg of diet (IBU). On the basis of the feed Intake data 
obtained In Experiment 1, turkey poults should have consumed approximately 
10 ng Ibuprofen/g BW dally during the first week of life. The IBU diet was 
fed from 1 to 14 days of age. From 14 to 21 days of age, turkeys In the 
IBU group were fed the CSBM diet. The fourth diet was a corn-soybean meal 
based diet formulated to provide 3,100 kcal NE^kg. All diets were 
isoproteic (28.5% crude protein) and met or exceeded the NRC recommended 
concentrations of other nutrients on a calculated basis (NRC, 1984). Diet 
composition and calculated and determined analyses are shown in Tables 3 
and 4, respectively. 
Feed samples were taken at the time of mixing in both experiments and 
stored at 4 C until they were ground to pass through a 1.0 mm mesh sieve 
and analyzed for dry matter, ash, protein, and fat. Dry matter was 
determined by drying In a forced draft oven at 72 C until samples reached 
constant weight. Ash was determined by using a muffle oven at 600 C for 24 
hours. Nitrogen concentration was determined by the macroKjeldahl method 
(Association of Official Analytical Chemists, AOAC, 1980, section 2.057) 
and percent protein was calculated as 6.25 x percent nitrogen (AOAC, 1980, 
section 14.068). Fat concentration was determined by ether extraction 
(AOAC, 1980, section 7.056). 
^Upjohn, Kalamazoo, MI 49001. 
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TABLE 3. Ingredient composition of the corn-soybean meal (CSBM), 
Ibuprofen* containing (IBU), and sucrose containing (SUC) diets, and the 
corn-soybean meal-based diet with 3,100 kca1/kg (CS31), Experiment 2 
Diet 
Ingredient CSBM IBU sue CS31 
Corn 
Soybean meal 
(46.44% crude protein) 
Sucrose 
Soybean oil 
Olcalclum phosphate 
Limestone 
Mineral premix] 
Vitamin premix* 
DL-meth1onine 
Chromic oxide premix 
Ibuprofen* premix 
•(*)• 
35.80 29.13 20.21 29.21 
55.25 55.25 57.67 56.27 
8.00 
2.39 2.06 7.53 7.94 
2.32 2.32 2.38 2.35 
1.46 1.46 1.42 1.44 
.30 .30 .30 .30 
.30 .30 .30 .30 
.18 .18 .19 .19 
2.00 2.00 2.00 2.00 
7.00 
^Supplied per kg of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 mg; 
selenium, .15 mg; sodium chloride, 2.60 g. 
^Supplied per kg of diet: vitamin A (retinyl acetate), 5,000 lU; 
cholecalciferol, 1,500 lU; dl-a tocopheryl acetate, 12 lU; vitamin B,;,, 11 
Hg; vitamin K (menadione sodium bisulfite), 1.8 mg; riboflavin, 2.7 mg; 
pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 /ig. 
^Supplied 2 g chromic oxide per kg of diet. 
^Supplied 74.5 mg Ibuprofen* per kg of diet. 
TABLE 4. Composition of the corn-soybean meal (CSBM), Ibuprofen* 
containing (IBU), and sucrose containing (SUC) diets, and the corn-soybean 
meal based diet with 3,100 kca1/kg (CS31), Experiment 2 
Diet 
Calculated 
analysis CSBM IBU sue CS31 
Dry matter, X 90.51 90.51 91.76 90.97 
ME„, kcalAg 2,800 2,800 3,100 3,100 
Crude protein, % 28.50 28.50 28.50 28.50 
Ether extract, % 4.28 4.28 8.92 9.56 
Crude fiber, % 2.98 2.98 2.74 2.88 
Total sulfur amino acids, % 1.05 1.05 1.05 1.05 
Methionine, % .62 .62 .62 .62 
Lysine, % 1.76 1.76 1.80 1.78 
Calcium, % 1.20 1.20 1.20 1.20 
Nonphytate phosphorus, % .60 .60 .60 .60 
Sodium, % .13 .13 .12 .12 
Chloride, % .22 .22 .22 .22 
Potassium, % 1.23 1.23 1.23 1.23 
Selenium, mg/kg .22 .22 .21 .22 
Zinc, mg/kg 73 73 72 72 
Vitamin A, lU/kg 5,040 5,040 5,040 5,040 
Cho1eca1c1fero1, lU/kg 1,500 1,500 1,500 1,500 
Vitamin E, lU/kg 25 25 22 23 
Riboflavin, mg/kg 5.0 5.0 4.9 4.9 
Pantothenic acid, mg/kg 23.8 23.8 23.5 23.7 
Niacin, mg/kg 96.2 96.2 93.0 94.9 
Choline, mg/kg 2,142 2,142 2,111 2,129 
Linoleic acid, % 2.32 2.32 4.61 5.01 
Xanthophyll, mg/kg 6.4 6.4 3.8 5.3 
Determined analysis 
Dry matter, % 88.55 88.38 89.92 89.18 
Protein, % 28.00 28.75 28.12 28.94 
Ether extract, % 3.85 3.80 8.30 8.89 
Ash, % 7.13 7.12 6.94 6.92 
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Housing 
Turkeys were housed In electrically heated brooder batteries^ with 
raised wire floors during the two 21-day experimental periods. Room 
temperatures ranged between 23 and 25 C and pen temperature was kept at 35, 
32 and 29 C during the first, second, and third weeks of life, 
respectively. Food and water were provided for ad l ibitum consumption 
throughout the experimental periods. 
Growth Data Collection 
Turkey poults and feed were weighed at 1, 3, 5, 7, 9, 13, 17, and 21 
days of age In Experiment 1 and at 1, 3, 5, 7, 9, 14, and 21 days of age In 
Experiment 2. Feed efficiency was calculated as the feed Intake to BW gain 
ratio for each of the periods studied. 
Sampling of Blood and Jejunum 
One poult per pen was randomly selected at each of the weighing times 
for blood and jejunum sampling from 5 days of age until the end of the 
experiments. Also, turkeys (10 in Experiment 1 and 8 in Experiment 2) were 
randomly selected at 1 day of age for sampling to obtain baseline data. 
Blood was obtained by jugular venipuncture by using heparinized 
syringes. Blood samples were centrifuged at 1,000 x g for 10 minutes and 
the plasma fraction was frozen and stored at -20 C until analyzed. 
Gpetersime, Gettysburg, OH 45328. 
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Turkey poults were killed by HaTothane** Inhalation and the jejunum, 
I.e., the segment of the small Intestine between the openings of the 
biliary and pancreatic ducts and the Meckel's diverticulum, was excised. 
Jejuna were flushed with cold PBS, pH 7.2 (containing .342 M NaC1, 20.5 mM 
NaaHPO*, 6.7 mM KC1, 3.7 mM KH2PO4, 1.5 mM NaNg, and 1 mM phenyl methyl 
sulfonyl fluoride). Ten cm of the middle portion of the jejunum were 
separated and placed In prewelghed vials containing 5 or 10 mL PBS, pH 7.2. 
Jejunal samples were frozen In liquid nitrogen, weighed, and stored at -20 
C until prepared for sucrase specific activity determination. 
Determination of ME„ 
Nitrogen-corrected ME was determined by a total collection of excreta 
method at 5 and 7 days of age In Experiment 1 and at 7 and 14 days of age 
In Experiment 2. Total collections of excreta were done over a 24-hour 
period with the exception that the collection period was 16 hours at 14 
days of age. Excreta were collected by pen and dried in a forced-draft 
oven at 72 C for 48 hours, equilibrated to room moisture for 48 hours, and 
weighed. 
Feed samples and excreta were ground to pass through a 1.0 mm mesh 
sieve and stored at 4 C until analyzed for gross energy and nitrogen 
concentration. Gross energy was determined by using an adiabatic bomb 
calorimeter^. Nitrogen concentration was determined by the macroKjeldahl 
^Halocarbon Laboratories, North Augusta, SC 29841. 
^Parr Instruments Co., Moline, IL 61265. 
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method (AOAC, 1980, section 2.057). Nitrogen-corrected ME was calculated 
by adapting the formula given by HI11 and Anderson (1958) for the total 
collection procedure. 
Determination of Sucrase Specific Activity 
Jejunal samples were thawed at room temperature and PBS, pH 7.2, was 
added to obtain a constant tissue concentration of 50 mg of wet Jejunum/mL. 
Samples were homogenized for 30 s with a Polytron® at a speed setting of 
6, and an aliquot was frozen and stored at -20 C until analyzed for total 
protein and sucrase specific activity (SSA). Total protein was determined 
by the method of Lowry et al. (1951) by using BSA as a standard and SSA by 
the method of Dahlqulst (1964). Tissue samples were diluted 10-fold for 
protein determination and 10- or fivefold for SSA determination. A 
homogenate blank was included in the SSA determination when samples were 
diluted fivefold to correct for the presence of glucose in the tissue 
sample. 
Plasma Uric Acid Determination 
Plasma uric acid was analyzed by using a commercially available kit 
from Sigma^ (Procedure 685) based on the method of Fossati et al. (1980). 
Briefly, 25 ill of plasma were allowed to react with 1 ml of uric acid 
reagent. Uric acid reagent contained uricase, horseradish peroxidase, 4-
aminoaptirine (AAP), and 3,5-dich1oro-2-dihydroxybenzensu1fonate (DH6S). 
*Kinematica PT 10-35, Brinkman Instruments, Westburg, NY 11590. 
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The reaction of uric acid with uricase produces allantoln and hydrogen 
peroxide. Hydrogen peroxide reacts with AAP and OHPS to give quinonelmlne 
dye and water. Quinonelmlne dye concentration was measured by absorbance 
at 520 nm. Uric acid concentration In plasma was calculated by using 
standards^ with 0, 2.5, 5.0, 10.0, and 15.0 mg of uric acld/dL. 
Statistical Analysis 
Data were analyzed by analysis of variance by using the General 
Linear Models Procedure of the Statistical Analysis System (SAS Institute, 
1985) to determine main effects of diet and LPS Injection and their 
interaction. Orthogonal contrasts were done when significant (P<.05) 
effects of diet were observed. In Experiment 1, the average of the CSBM 
and SKF diets was compared with the average of the SUC and HE diets. The 
other two contrasts were done to compare the CSBM diet with the SKF diet 
and the SUC diet with the HE diet. In Experiment 2 orthogonal contrasts 
were done to compare the diets with 2,800 kcal ME^kg with those with 3,100 
kcal MEp/kg and to compare the diets within each of these groups (CSBM vs 
IBU and SUC vs CS31). 
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RESULTS 
Experiment 1 
Body weight of poults Injected with LPS was reduced (P<.05) as 
compared with the BW of SAL Injected poults from 3 to 21 days of age, 
Irrespective of dietary treatment (Table 5). Body weight was reduced by 
2.6% at 3 days of age and by approximately 6% thereafter. The reduction In 
BW of LPS-lnjected turkeys was the result of reductions In BW gain that 
ranged from 6 to 12% of the BW gain of SAL-injected turkeys for the 21-day 
experimental period. 
Turkeys fed the SUC and HE diets were heavier at 5, 7, and 9 days of 
age (P<.01) than those fed the CSBM and SKF diets. After 9 days of age, 
turkeys fed the HE diet weighed less (P<.01) than those fed the SUC diet. 
Turkeys fed the CSBM and SKF diets had similar BW throughout the 21-day 
experiment. The main effects of diet on BW were independent of the type of 
injection, as indicated by the absence of significant diet x injection 
interactions. 
Turkeys injected with LPS consumed less feed (P<.05) than turkeys 
injected with SAL throughout the experiment, irrespective of dietary 
treatment (Table 6). The magnitude of feed Intake (FI) reduction was 15 
and 4% for the age periods of 1 to 3 and 9 to 14 days, respectively. 
Turkeys fed the CSBM and SKF diets consumed more feed (P<.OS) than turkeys 
fed the SUC and HE diets. Irrespective of type of injection. This 
difference in FI was mainly due to the decreased FI (P<.01) of turkeys fed 
the HE diet as compared with turkeys fed the SUC diet. No consistent 
differences in FI of turkeys fed the CSBM and SKF diets were observed. 
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TABLE 5. Body weight of turkey poults Injected with llpopolysaccharlde 
(LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) diet or diets 
containing SolkafToc* (SKF), sucrose (SUC), or a high energy concentration 
(HE), Experiment 1 
Age (days) 
Diet Injection 1 3 5 7 9 13 17 21 
(g/poult) 
CSBM LPSl 59.4 75.0 94.0 116.5 147.0 234.6 353.5 494.9 
CSBM SAL: 59.2 77.0 98.3 123.3 156.4 257.0 384.0 541.1 
SKF LPS 59.3 75.7 93.7 114.7 144.3 224.4 339.7 480.5 
SKF SAL 59.0 77.3 98.8 122.2 153.0 243.0 362.0 513.3 
sue LPS 59.4 76.5 98.8 122.8 154.1 249.3 379.5 544.0 
sue SAL 59.4 78.2 100.4 126.1 162.4 257.8 400.6 573.1 
HE LPS 59.1 76.3 96.7 120.9 149.5 225.6 335.9 484.8 
HE SAL 58.6 79.7 102.3 125.9 157.8 236.7 351.9 502.7 
SEM^ .2 .8 1.2 • 1.8 3.1 5.8 9.7 14.2 
Source of 
variation 
Diet 
CSBM and SKF vs 
sue and HE 
CSBM vs SKF 
sue vs HE 
Injection 
Diet X Injection 
.07 
-Probabi 1 i 11 es r 
.01 .01 .03 .01 .01 .01 
.01 
.64 
.01 .01 .01 .53 .31 .07 
.95 .44 .34 .05 .08 .15 
.94 .58 .15 .01 .01 .01 
.01 .01 .01 .01 .01 .01 
.40 .67 1.00 .62 .90 .80 
^Injected intraperitoneally with .5 mL of LPS in saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
^Means of four pens per treatment. 
TABLE 6. Feed Intake of turkey poults Injected with llpopolysaccharlde 
(LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) diet or diets 
containing Solkafloc* (SKF), sucrose (SUC), or a high energy concentration 
(HE), Experiment 1 
Period (days) 
Diet Injection 1 to 3 3 to 5 5 to 7 7 to 9 9 to 13 13 to 17 17 to 21 
CSBM LPs! 14.9 21.5 31.2 42.5 123.9 180.7 230.6 
CSBM SAL: 17.2 23.4 34.2 46.2 146.8 192.1 244.7 
SKF LPS 14.5 21.4 29.4 40.0 119.5 171.4 233.9 
SKF SAL 16.6 24.6 32.6 43.0 120.9 179.5 250.1 
sue LPS 15.1 22.1 30.7 39.9 122.5 173.1 227.8 
sue SAL 16.8 24.0 32.5 43.3 117.2 183.1 246.5 
HE LPS 13.5 18.4 26.7 31.7 95.2 132.6 183.7 
HE SAL 16.1 21.4 27.6 34.7 96.1 138.6 195.9 
SEM^ .4 .7 .8 1.3 5.2 5.3 7.3 
Source of 
variation Probabilities-
Diet .02 .01 .01 .01 .01 .01 .01 
CSBM and SKF vs 
sue and HE .17 .02 .01 .01 .01 .01 .01 
CSBM vs SKF .20 .42 .04 .07 .01 .05 .55 
sue vs HE .01 .01 .01 .01 .01 .01 .01 
Injection .01 .01 .01 .01 .19 .03 .01 
Diet X Injection .63 .66 .42 .99 .06 .96 .97 
'injected intraperltoneally with .5 mL of LPS in saline (100 jag LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
^Means of four pens per treatment. 
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Feed efficiency (FE), expressed as the feed:ga1n ratio, was not 
affected by type of Injection (Table 7). Turkeys fed the SUC and HE diets 
utilized feed more efficiently (P<.01) than those fed the CSBN and SKF 
diets throughout the experiment, Irrespective of type of Injection. 
Moreover, turkeys fed HE diet had better FE (P<.01) than those fed the SUC 
diet. 
Determined ME^ values of the diets were not affected by the type of 
injection at 5 and 7 days of age (Table 8). Determined ME^ were 10 to 19% 
less than the calculated values at 5 and 7 days of age. Differences in 
determined ME^ values among diets corresponded generally to those expected 
on a calculated basis. However, the determined MEn value of the CSBM diet 
was less (P<.01) than that of the SKF diet at 5 and 7 days of age. 
Nitrogen retention (g/pou1t) was calculated for each pen of turkeys 
as [(N intake - N in excreta)/number of poults]. Energy retention 
(kcal/poult) was calculated for each pen as [(gross energy intake - gross 
energy excreta)/number of poults] and corrected for N retention (Hill and 
Anderson, 1958). Turkeys injected with LPS retained less N and energy 
(P<.01) than turkeys injected with SAL for the age periods of 3 to 5 and 5 
to 7 days, irrespective of dietary treatment (Table 9). Dietary effects on 
N retention were not consistent for the two age periods studied. Turkeys 
fed the SUC and HE diets retained more energy (P<.01) than those fed the 
CSBM and SKF diets, irrespective of Injection. No significant differences 
in energy retention were observed when the comparisons of the CSBM vs the 
SKF diet and of the SUC vs the HE diet were made. 
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TABLE 7. Feed efficiency (feed:gain) of turkey poults Injected with 
lipopolysaccharide (LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) 
diet or diets containing Solkafloc* (SKF), sucrose (SUC), or a high energy 
concentration (HE), Experiment 1 
Period (days) 
Diet Injection 1 to 3 3 to 5 5 to 7 7 to 9 9 to 13 13 to 17 17 to 21 
CSBM LPs! .96 1.13 1.40 1.40 1.42 1.53 1.63 
CSBM SAL: .97 1.11 1.37 1.44 1.47 1.51 1.56 
SKF LPS .88 1.19 1.40 1.36 1.50 1.49 1.66 
SKF SAL .91 1.14 1.42 1.41 1.34 1.51 1.65 
sue LPS .88 1.00 1.28 1.29 1.29 1.33 1.39 
sue SAL .90 1.09 1.27 1.20 1.22 1.28 1.43 
HE LPS .79 .91 1.10 1.12 1.25 1.20 1.24 
HE SAL .76 .95 1.17 1.09 1.22 1.21 1.30 
SEM' .02 .04 .05 .06 .05 .02 .02 
Source of 
varlatlpn -Probabilities-
Diet 
CSBM and SKF vs 
.01 .01 .01 .01 .01 .01 .01 
sue and HE .01 .01 .01 .01 .01 .01 .01 
CSBM vs SKF .01 .31 .64 .62 .67 .34 .01 
sue vs HE .01 .02 .01 .04 .67 .01 .01 
Injection .55 .57 .74 .88 .14 .56 .66 
Diet X Injection .69 .39 .82 .63 .22 .49 .02 
^Injected intraperitoneaHy with .5 mL of LPS in saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneaHy with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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TABLE 8. Determined ME. of the corn-soybean meal (CSBN) diet and diets 
containing Solkafloc* (SKF), sucrose (SUC), or a high energy concentration 
(HE) in turkey poults injected with lipopolysaccharide (LPS) or saline 
(SAL), Experiment 1 
Diet Injection 
Age (days) 
CSBM LPs! 2,385 
CSBM SAL: 2,378 
SKF LPS 2,513 
SKF SAL 2,513 
sue LPS 2,763 
sue SAL 2,655 
HE LPS 3,203 
HE SAL 3,253 
SEM: 33 
Source of variation 
Diet 
CSBM and SKF vs 
sue and HE 
CSBM vs SKF 
sue vs HE 
Injection . 
Diet X Injection 
-(kcal/kg^)-
2,259 
2,255 
2,488 
2,518 
2,645 
2,727 
3,269 
3,306 
40 
-Probabilities-
.01 
.01 
.01 
.01 
.49 
.13 
.01 
.01 
.01 
.01 
.22 
.76 
^Injected intraperitoneally with .5 mL of LPS in saline (100 /ig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
^Calculated ME„ values of the CSBM, SKF, SUC, and HE diets were 2,800, 
2,800, 3,100, and 3,700 kcal/kg, respectively. 
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TABLE 9. Nitrogen and energy retention of turkey poults Injected with 
llpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) 
diet or diets containing SoTkafloc* (SKF), sucrose (SUC), or a high energy 
(HE) concentration, Experiment 1 
Nitrogen retention 
Period (days) 
Diet Injection 3 to 5 5 to 7 
Energy retention 
Period (days) 
3 to 5 5 to 7 
-(g/poult)- •(kcal/poult)-
CSBM LPS' .547 .773 51.3 70.6 
CSBM SAL* .564 .871 55.7 77.2 
SKF LPS .566 .760 53.7 73.2 
SKF SAL .670 .877 61.8 82.3 
sue LPS .568 .787 61.1 81.2 
sue SAL .575 .893 63.7 88.6 
HE LPS .470 .744 59.1 87.2 
HE SAL .576 .784 69.6 91.3 
SEM: .025 .038 2.1 2.7 
Source of 
variation -Probabilities 
Diet .01 .25 .01 .01 
CSBM and SKF vs 
sue and HE .04 .01 .01 
CSBM vs SKF .02 - • - .05 .16 
sue vs HE .06 .36 .12 
Injection .01 .01 .01 .01 
Diet X Injection .10 .75 .24 .82 
^Injected Intraperltoneally with .5 mL of LPS in saline (100 nq LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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Turkeys Injected with LPS had greater jejunal sucrase specific 
activity (P<.01), expressed as /unoles of sucrose hydro1yzed/mg protein 
hourly, than turkeys injected with SAL at 5 days of age, irrespective of 
dietary treatment (Table 10). At 7 days of age, turkeys injected with LPS 
had less sucrase specific activity (SSA) (P<.05) than those injected with 
SAL. However, this effect was not consistent among diets. Turkeys fed the 
SKF, sue, and HE diets and Injected with LPS had less SSA than those fed 
the same diets and injected with SAL but turkeys in the CSBN LPS treatment 
group had greater jejunal SSA than turkeys on the CSBM SAL treatment group. 
This inconsistency in the effect of injection among diets resulted in a 
significant diet x Injection interaction (P<.01) at 7 days of age. After 7 
days of age, jejunal SSA was not significantly affected by injection. 
Also, no consistent effects of diet on jejunal SSA were observed from 7 to 
21 days of age. Average jejunal SSA decreased from .560 pmoles sucrose 
hydrolyzed/mg protein hourly at 1 day of age to .149 at 13 days of age, 
then Increased to .231 at 21 days of age. 
Plasma uric acid conentration was not consistently affected by diet 
or injection (Table 11) and decreased from 9.0 mg/dL at 1 day of age to 
values of 3.6 to 7.6 from 5 to 21 days of age. 
Experiment 2 
Body weight of turkeys injected with LPS was reduced (P<.05) as 
compared with the BW of turkeys Injected with SAL from 5 to 9 days of age, 
irrespective of dietary treatment (Table 12). The magnitude of BW 
reduction was approximately S% and was the consequence of BW gain 
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TABLE 10. Sucrase specific activity In the jejunum of turkey poults 
injected with lipopolysaccharide (LPS) or saline (SAL) and fed a corn-
soybean meal (CSBM) diet or diets containing Solkafloc* (SKF), sucrose 
(SUC), or a high energy concentration (HE), Experiment 1 
Age (days) 
Diet Injection 1 5 7 9 13 17 21 
[/moles sucrose hydrolyzed/(mg protein* x h)] 
CSBM LPS: .560 .258 .198 .162 .220 .208 .244 
CSBM SAL: .560 .148 .148 .194 .174 .238 .266 
SKF LPS .560 .198 .110 .152 .134 .250 .174 
SKF SAL .560 .120 .152 .160 .124 .262 .162 
SUC LPS .560 .234 .132 .140 .118 .280 .242 
sue SAL .560 .146 .170 .200 .168 .186 .264 
HE LPS .560 .208 .106 .148 .136 .162 .258 
HE SAL .560 .134 .162 .120 .122 .158 .236 
SEM: .028 .064 .020 .022 .042 .030 
Source of 
'rrODaDI 11 Lies 
Diet - . - .39 .02 .06 .01 .16 .02 
CSBM and SKF vs 
SUC and HE .31 
- « - .09 .08 
CSBM vs SKF .01 .01 .01 
sue vs HE .22 .53 .82 
Injection .01 .04 .11 .76 .58 .94 
Diet X Injection .93 .01 .05 .19 .59 .82 
'injected intraperitoneally with .5 mL of LPS in saline (100 nq LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
^Protein concentration in the jejunum was not affected by either 
injection or diet. Average protein concentrations (mg protein/100 mg wet 
tissue) were 16.2, 14.9, 14.1, 14.8, 15.1, 15.3, and 17.6 at 1, 5, 7, 9, 
13, 17, and 21 days of age, respectively. 
79 
TABLE 11. Plasma uric acid of turkey poults Injected with 
11popo1ysacchar1de (LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) 
diet or diets containing Solkafloc* (SKF), sucrose (SUC), or a high energy 
concentration (HE), Experiment 1 
Age (days) 
Diet Injection 1 5 7 9 14 21 
(mg/dL) 
CSBM LPS' 9.0 3.9 8.1 5.7 5.4 2.7 
CSBM SAL: 9.0 5.5 5.7 9.0 7.4 4.7 
SKF LPS 9.0 5.8 4.9 5.4 6.7 3.4 
SKF SAL 9.0 4.5 5.2 6.8 6.9 4.0 
sue LPS 9.0 5.7 6.4 5.9 6.3 3.0 
sue SAL 9.0 4.3 4.9 7.2 5.5 3.3 
HE LPS 9.0 4.2 5.6 2.9 4.0 3.6 
HE SAL 9.0 4.6 5.8 4.2 5.1 3.7 
SEM^ .7 1.1 1.0 .9 .7 
Source of 
vananon •rrOOaDliIti6S 
Diet .71 .47 .01 .07 .84 
CSBM and SKF vs 
sue and HE - . -
- . - - . - .03 
CSBM vs SKF - . - .22 
sue vs HE - • - .01 
Injection - • " .72 .31 .02 .36 .15 
Diet X Injection .10 .59 .66 .46 .48 
'injected Intraperitoneal1y with .5 mL of LPS In saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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TABLE 12. Body weight of turkey poults Injected with llpopolysaccharlde 
(LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) diet or diets 
containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean meal diet 
containing 3,100 kcal MEykg (CS31), Experiment 2 
Age (days) 
Diet Injection 1 3 5 7 9 14 21 
(g/poult) 
CSBM LPS' 56.3 73.4 92.8 115.9 141.9 251.2 479.5 
CSBM SAL: 56.6 76.1 95.9 124.2 151.2 255.4 488.5 
IBU LPS 56.7 73.1 94.5 118.3 148.9 264.4 478.0 
IBU SAL 56.8 77.4 97.8 125.5 155.2 270.7 501.6 
sue LPS 56.6 74.3 96.8 124.4 154.8 275.6 532.1 
sue SAL 57.0 76.7 100.2 126.3 158.2 274.4 523.7 
CS31 LPS 56.5 74.6 94.1 119.2 150.4 262.2 500.7 
CS31 SAL 57.2 78.2 99.7 129.4 159.9 272.5 507.0 
SEM: .3 1.1 2.3 3.5 4.0 6.6 11.7 
Source of 
variation Probabilities-
Diet .50 .39 .44 .09 .02 .01 
2,800 vs 
3,100 kcal/kg 
CSBM vs IBU 
sue vs CS31 
- . -
.03 
.04 
.26 
.01 
.62 
.05 
Injection .01 .03 .01 .02 .31 .36 
Diet X Injection .80 .94 .67 .85 .86 .60 
^Injected Intraperltoneally with .5 mL of LPS in saline (100 /ig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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reductions of 12 and 3% for the age periods of 1 to 3 and 3 to 5 days, 
respectively. 
Turkeys fed diets with 3,100 kcal ME^/kg were heavier at 14 and 21 
days of age than those fed diets with ME^ values of 2,800 kcal/kg. 
Addition of Ibuprofen* to the CSBN diet Improved BW of turkeys (P<.05) at 
14 days of age as compared with turkeys fed the CSBM diet. Turkeys fed the 
sue dipt were heavier (P<.05) at 21 days of age than those fed the CS31 
diet. The effects of diet were independent of the type of injection as 
indicated by the absence of significant diet x injection Interactions. 
Feed intake of LPS-Injected turkeys was decreased (P<.01) as compared 
with the FI of SAL-Injected turkeys until 9 days of age, irrespective of 
dietary treatment (Table 13). Turkeys fed diets with 3,100 kcal MEykg 
consumed less feed (P<.01) than those fed diets with ME^ values of 2,800 
kcal/kg for the age periods of 9 to 14 and 14 to 21 days. Moreover, the FI 
of turkeys fed the CS31 diet was decreased (P<.01) from 14 to 21 days of 
age, as compared with the FI of turkeys fed the SUC diet. Diet effects on 
FI for the age periods of 9 to 14 and 14 to 21 days were independent of the 
type of injection. 
Feed efficiency was not consistently affected by the type of 
injection (Table 14). Feeding diets with 3,100 kcal MEykg improved 
(P<.01) the FE of turkeys as compared with feeding diets with 2,800 kcal 
ME^/kg throughout the experiment. The addition of Ibuprofen® to the CSBM 
diet improved FE of turkeys (P<.01) for the age period of 9 to 14 days as 
compared with the FE of turkeys fed the CSBM diet. After 14 days of age. 
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TABLE 13. Feed Intake of turkey poults Injected with llpopolysaccharlde 
(LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) diet or diets 
containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean meal based 
diet with 3,100 Kcal NE^kg (CS31), Experiment 2 
Period (days) 
Diet Injection 1 to 3 3 to 5 5 to 7 7 to 9 9 to 14 14 to 21 
1 CSBM LPS, 
CSBM SAL: 
IBU 
IBU 
sue 
sue 
LPS 
SAL 
LPS 
SAL 
CS31 LPS 
CS31 SAL 
SEM^ 
Source of 
variation 
Diet 
13.5 
15.6 
12.9 
16.0 
13.2 
14.8 
13.1 
15.4 
.6  
21.3 
23.7 
22.0 
23.3 
21.1 
23.6 
20.1 
23.0 
1 . 1  
.85 .77 
•(g/poult) 
31.1 
34.6 
32.7 
37.1 
31.5 
32.2 
29.2 
33.4 
1.4 
.08 
39.0 158.9 356.7 
41.2 158.2 357.3 
39.8 158.6 350.3 
44.1 166.2 369.0 
38.1 151.2 344.6 
39.3 152.7 343.0 
38.1 144.4 323.0 
39.6 150.7 328.8 
1.3 4.8 6.5 
.06 .02 .01 
2,800 vs 
3,100 Kcal/kg - • - .01 .01 
CSBM vs IBU - • - .44 .68 
sue vs CS31 .37 .01 
Injection .01 .01 .01 .01 .29 .21 
Diet X Injection .72 .90 .57 .60 .81 .42 
^Injected Intraperitoneally with .5 mL of LPS in saline (100 /ig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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TABLE 14. Feed efficiency (feed:ga1n) of turkey poults Injected with 
llpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal (CSBN) 
diet or diets containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean 
meal based diet with 3,100 kcal MÉykg (CS31), Experiment 2 
Period (days) 
Diet Injection 1 to 3 3 to 5 5 to 7 7 to 9 9 to 14 14 to 21 
CSBN LPS: .79 1.10 1.35 1.51 1.45 1.56 
CSBN SAL: .80 1.19 1.22 1.54 1.52 1.54 
IBU LPS .80 1.03 1.38 1.32 1.37 1.65 
IBU SAL .78 1.14 1.35 1.51 1.44 1.60 
sue LPS .74 .95 1.14 1.26 1.25 1.34 
sue SAL .76 1.03 . 1.26 1.23 1.32 1.38 
CS31 LPS .73 1.03 1.17 1.22 1.29 1.35 
CS31 SAL .741 .08 1.19 1.30 1.34 1.41 
SEN' .02 .03 .09 .07 .03 .03 
Source of 
variation Probabilities 
Diet .01 .01 
2,800 vs 
3,100 kcal/kg .01 .01 
CSBN vs IBU .62 .07 
sue vs CS31 .43 .04 
Injection .96 .01 
Diet X Injection .83 .74 
.17 .01 .01 .01 
• - .01 .01 .01 
• - .11 .01 .05 
• - .78 .26 .62 
.89 .15 .01 .88 
.59 .43 .98 .47 
^Injected Intraperltoneally with .5 mL of LPS In saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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turkeys In the IBU group were fed the CSBN diet. Feed efficiency of 
turkeys In the IBU group was Impaired (P<.05) for the age period of 14 to 
21 days as compared with the FE of turkeys fed the CSBM diet. 
Determined ME^ values of the diets were not affected by the type of 
Injection given at 7 and 14 days of age (Table 15). Determined ME^ of the 
diets were 9 to 14% less than the calculated values at 7 and 14 days of 
age. The statistical effects of diet on ME^ correspond to the differences 
expected on a calculated basis. Thus, the SUC and CS31 diets had greater 
MEn values (P<.01) than the IBU and CSBM diets. 
Turkeys injected with LPS retained less nitrogen and energy (P<.01) 
(expressed as grams of N/poult and kcal/poult, respectively) for the age 
period of 5 to 7 days than SAL-injected turkeys, irrespective of diet 
(Table 16). The quantity of N retained by turkeys fed the IBU diet was 
greater (P<.01) for the age period of 9 to 14 days of age than that 
retained by turkeys fed the CSBM diet. Energy retention per poult was 
greater (P<.01) from 9 to 14 days of age for turkeys fed diets with 3,100 
kcal MEp/kg than for turkeys fed diets with ME^ values of 2,800 kcal/kg. 
The effects of diet on N and energy retention during this age period were 
independent of the type of injection given. 
Sucrase specific activity in the jejunum of poults was not 
consistently affected by diet or injection at any of the ages at which it 
was determined (Table 17). The significant effects of diet and diet x 
injection interaction observed at 14 days of age were not detected at 9 or 
21 days of age. Sucrase specific activity decreased from .628 /imoles of 
85 
TABLE 15. Determined ME„ of the corn-soybean meal (CSBM) diet, diets 
containing Ibuprofen* (IBU) or sucrose (SUC), and a corn-soybean meal based 
diet with 3,100 kcal ME^kg (CS31) In turkey poults Injected with 
llpopolysaccharlde (LPS) or saline (SAL), Experiment 2 
Diet Injection 
Age (days) 
14 
CSBM LPs! 2,518 
CSBM SAL: 2,521 
IBU LPS 2,445 
IBU SAL 2,464 
SUC LPS 2,811 
sue SAL 2,824 
CS31 LPS 2,840 
CS31 SAL 2,855 
SEM' 30 
(kcal/kg*). 
2,429 
2,388 
2,482 
2,408 
2,804 
2,796 
2,741 
2,781 
39 
Source of variation Probabi1111 es 
Diet .01 .01 
2,800 vs 
3,100 kcal/kg .01 .01 
CSBM vs IBU .04 .35 
sue vs CS31 .32 .33 
Injection .56 .45 
Diet X Injection .99 .51 
^Injected Intraperltoneally with .5 mL of LPS In saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
3& Means of four pens per treatment. 
^Calculated ME. values of the CSBM and SKF diets were 2,800 kcal/kg and 
those of the SUC and CS31 diets 3,100 kcal/kg. 
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TABLE 16. Nitrogen and energy retention of turkey poults Injected with 
Ilpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) 
diet, diets containing Ibuprofen* (IBU) or sucrose (SUC), and a corn-
soybean meal based diet with 3,100 kcal MEykg (CS31), Experiment 2 
Nitrogen retention 
Period (days) 
Energy retention 
Period (days) 
Diet Injection S to 7 9 to 14 5 to 7 9 to 14 
1 CSBM LPS^ 
CSBM SAL% 
IBU LPS 
IBU SAL 
sue LPS 
sue SAL 
CS31 LPS 
CS31 SAL 
SEM' 
SPMrÇg Qf 
variation 
Diet 
2,800 vs 
3,100 kcal/kg 
CSBM vs IBU 
sue vs CS31 
Injection 
Diet X Injection 
-(g/poult)- -(kcal/poult)-
.757 3.784 78.3 386 
.906 3.659 87.2 378 
.846 4.208 80.1 394 
.972 4.304 91.5 401 
.812 3.899 88.4 424 
.855 3.991 91.1 428 
.829 3.925 83.8 396 
.954 4.099 95.3 419 
.047 .026 4.4 14 
-Probabillties-
.24 
.01 
.68 
.02 
.93 
.01 
.68 
.61 
.81 
.38 
.01 
.68 
.03 
.01 
.27 
.19 
.50 
.72 
'injected intraperitoneally with .5 mL of LPS in saline (100 fig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
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TABLE 17. Sucrase specific activity In the jejunum of turkey poults 
Injected with llpopolysaccharlde (LPS) or saline (SAL) and fed a corn-
soybean meal (CSBM) diet, diets containing Ibuprofen* (IBU) or sucrose 
(SUC), and a corn-soybean meal based diet with 3,100 kcal MEykg (CS31), 
Experiment 2 
Age (days) 
Diet Injection 1 5 7 9 14 21 
[/moles sucrose hydrolyzed/(mg protein* x h)] 
CSBM LPS' .698 .375 .164 .163 .152 .210 
CSBM SAL^ .698 .323 .224 .152 .106 .188 
IBU LPS .698 .300 .227 .139 .219 .161 
IBU SAL .698 .361 .219 .171 .070 .132 
sue LPS .698 .347 .203 .113 .157 .182 
sue SAL .698 .214 .256 .153 .155 .202 
CS31 LPS .698 .219 .163 .177 .153 .162 
CS31 SAL .698 .353 .303 .180 .214 .135 
SEM' .046 .050 .025 .021 .043 
Source of 
variation Probabilities 
Diet .38 .86 .38 .09 .48 
Injection .93 .10 .39 .03 .64 
Diet X Injection .04 .51 .71 .01 .93 
^Injected intraperltoneally with .5 mL of LPS in saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
'Means of four pens per treatment. 
^Protein concentration in the jejunum was not affected by either 
injection or diet. Average protein concentrations (mg protein/100 mg wet 
tissue) were 11.0, 13.2, 11.6, 11.1, 14.2, and 15.1 at 1, 5, 7, 9, 14, and 
21 days of age, respectively. 
88 
TABLE 18. Plasma uric acid of turkey poults Injected with 
Ilpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal (CSBM) 
diet, diets containing Ibuprofen# (IBU) or sucrose (SUC), or a corn-soybean 
meal based diet with 3,100 kcal MEykg (CS31), Experiment 2 
Age (days) 
Diet Injection 1 5 7 9 14 21 
-(mg/dL)-
CSBM LPs! 10.5 6.6 5.5 6.3 4.5 6.4 
CSBM SAL: 10.5 6.2 6.7 9.0 4.5 4.4 
IBU LPS 10.5 7.5 4.0 6.0 3.0 4.6 
IBU SAL 10.5 6.6 3.3 7.2 4.7 4.5 
sue LPS 10.5 5.9 4.8 5.0 5.5 5.6 
sue SAL 10.5 6.7 7.3 5.1 3.6 4.7 
CS31 LPS 10.5 5.1 5.1 5.1 4.6 4.0 
CS31 SAL 10.5 8.2 4.2 5.0 4.2 5.2 
SEM^ 1.1 1.2 1.1 .7 .8 
Source of 
variation -Probabllltles-
Diet .93 .14 .09 
CM GO 
.65 
Injection .28 .55 .22 .76 .45 
Diet X Injection .37 .44 .61 .24 .27 
^Injected Intraperltoneally with .5 mL of LPS In saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
^Means of four pens per treatment. 
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sucrose hydrolyzed/mg protein hourly at 1 day of age to average values of 
.143 and .172 at 14 and 21 days of age, respectively. 
Plasma uric acid concentration was not consistently affected by diet 
or Injection (Table 18). The concentration of uric acid In plasma 
decreased from 10.0 mg/dL at 1 day of age to an average value of 7.2 at S 
days of age and values that ranged from 4.3 to 6.0 from 7 to 21 days of 
age. 
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DISCUSSION 
The adverse effects of LPS Injection on BW of turkeys observed In the 
current research were less severe than those reported In preliminary 
research (Piquer, 1994). Moreover, mortality was approximately 10% in the 
LPS-injected groups in Experiment 1 and 2 whereas it reached 40% in a 
preliminary experiment (Piquer, 1994). Such a difference in the severity 
of BW reduction and mortality between the experiments reported here and 
that previously observed can be attributed to differences In the dose of 
LPS injected. Turkeys were Injected with approximately 1.2 of LPS/g BW 
at 1, 3, and 5 days of age in a previous experiment (Piquer, 1994) whereas 
the doses injected in Experiments 1 and 2 were .84 and .88 ng LPS/g BW, 
respectively, at .1 day of age. Turkeys were Injected with .65 and .20 f ig  
LPS/g BW at 3 and 5 days of age, respectively, in both experiments. 
Klasing and Barnes (1988) injected i.p. 16-day-old broiler chickens 
with .83 ng of LPS/g BW on Day 1 of the experiment to Induce an Immune 
stress and reported a 14% reduction in BW gain of broilers Injected with 
LPS as compared with SAL-injected controls. Furthermore, Klasing et al .  
(1987a) reported reductions in BW gain that ranged from 14 to 20% when 
White Leghorn chickens were injected with LPS at 7 and 9 days of age, 
respectively, as compared with SAL-Injected controls. Experiments 
conducted by Klasing et al. (1987a) and Klasing and Barnes (1988) lasted 
for 6 days. The adverse effects of LPS injection on growth reported by 
Klasing et al. (1987a) with 7- and 9-day-old chickens and by Klasing and 
Barnes (1988) with 16-day-old chickens are similar In magnitude to those 
observed in the current research with 1-day-old turkeys from 1 to 5 days of 
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age. Therefore, the short-term effects of l.p. Injection of LPS are 
seemingly consistent In chickens and turkeys from 1 to 16 days of age when 
a dose of approximately .85 /ig LPS/g BW Is administered. To our knowledge, 
there Is no Information In the published literature that documents the 
effects of LPS Injection on growth of poultry for longer periods of time. 
In the current research, differences were observed between 
Experiments 1 and 2 In the duration of the BW reduction due to LPS 
Injection of turkey poults (21 and 9 days, respectively). Such differences 
may be related to differences In the Initial BW and growth of turkeys 
Injected with SAL In Experiment 1 and 2. Moreover, turkeys in Experiment 2 
weighed 3 g less at 1 day of age than turkeys In Experiment 1. Turkeys In 
the CSBM SAL and SUC SAL treatment groups of Experiment 2 weighed 
approximately 10% less at 21 days of age than those turkeys in the same 
treatment groups of Experiment 1. 
The reductions in BW caused by LPS injection in the current research 
can be attributed mainly to the anorexigenic effects of LPS injection 
because feed efficiency was not significantly affected by the type of 
injection. In contrast with our results, Klasing et al. (1987a) and 
Klasing and Barnes (1988) reported that Injection of 7- and 16-day-old 
chickens with LPS caused an impairment in FE, as compared with the FE of 
chickens injected with SAL. However, this impairment in FE was not 
consistently observed among the experiments reported by Klasing et  a l .  
(1987a) and Klasing and Barnes (1988). Furthermore, in preliminary 
research with 1-day-old turkey poults, LPS injection caused an impairment 
in FE only for the age period of 1 to 3 days (Piquer, 1994). 
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The Improvement In BW of turkeys fed diets with 3,100 kcal ME^/kg at 
21 days of age, as compared with the BW of turkeys fed diets with 2,800 
kcal MEykg observed in the current research, was consistent with data 
reported by Sell and Owings (1981) and by Gonzalez and Pesti (1993). Sell 
and Owings (1981) reported that turkeys grew faster from 1 to 140 days of 
age as dietary ME^ was increased by adding fat to the diet. This effect 
was observed regardless of whether or not the concentration of other 
nutrients was adjusted to maintain a constant calorie:nutrient ratio (Sell 
and Owings, 1981). Calculated ME„ of the starter diets used by Sell and 
Owings (1981) ranged between 2,800 and 3,100 kcal/kg. Furthermore, 
Gonzalez and Pesti (1993) reported, based on data published by Sell et al .  
(1985, 1989), that the growth of turkeys could be predicted better by using 
a mathematical model that included as independent variables dietary energy 
and protein than by using a model that included the energy to protein ratio 
as an indepedent variable. 
The effects of modifying dietary ME^ on BW of turkeys observed in the 
current research were independent of the type of injection. Therefore, 
full compensation of the adverse effects of LPS injection on growth of 
turkeys was not observed. In contrast, Benson et al. (1993) observed that 
increasing the ME concentration of the diet to 3,600 kcal/kg by using corn 
starch resulted in equal growth of LPS-injected and SAL-injected chickens. 
However, LPS-injected chickens did not grow as well as SAL-injected 
chickens when dietary ME was increased by adding corn oil to the diet. 
Dietary ME was increased by Benson et ah (1993) by substituting corn 
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starch or corn o11 for cellulose In semipurl fled diets. In the current 
study, sucrose was substituted for cellulose (Solkafloc®) in a similar 
manner to formulate the SUC diet. Furthermore, a practical corn-soybean 
meal based diet was formulated to contain 3,100 kcal ME^/kg (CS31). Growth 
of turkeys fed the SUC and CS31 diets was similar until 14 days of age. 
Therefore, we concluded that feeding turkeys diets with a ME^ value of 
3,100 kcal/kg may help partially alleviate the adverse effects of an early 
immune stress on growth. 
In the current research, turkeys fed the SUC and CS31 diets utilized 
feed more efficiently than those fed the CSBM diet, irrespective of 
injection. Turkeys fed diets with 3,100 kcal ME^/kg grew faster and 
consumed less feed than those fed the CSBM diets. These results were 
expected on the basis of data reported by Vermeersch and Vanschoubroek 
(1968) with chickens and by Sell et il, (1986) and Hurwitz et al. (1988) 
with turkeys. Vermeersch and Vanschoubroeck (1968) compiled data from the 
published literature and concluded that Increasing the ME^ of diets by 
adding fat caused a decrease in FI in chickens. Furthermore, Sell et al .  
(1986) reported that the FE of turkeys at 8 wk of age was Improved when the 
MEn value of a basal diet was increased by substituting tallow or an 
animal-vegetable fat blend for sucrose at 4, 8, and 12% of the diet. 
Hurwitz et al .  (1988) reported that turkeys fed diets with increased ME 
values but a constant calorierprotein ratio had better feed efficiency than 
turkeys fed a diet with 2,700 kcal ME/kg. The ME values of the diets 
tested by Hurwitz et al. (1988) ranged from 2,700 to 3,000 kcal/kg. 
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In the current research, feeding the HE diet caused a reduction in 
the BW of turkeys at 21 days of age, irrespective of injection, as compared 
with the BW of turkeys fed the SUC diet. Turkeys fed the HE diet consumed 
approximately 25% less feed than those fed the CSBM diet, therefore, the 
Intake of protein and other nutrients may have been limiting for the growth 
of turkeys fed the HE diet. Thus, we concluded that the growth of young 
turkeys may be limited when the ca1orie:protein ratio of the diet is 
excessive (130 kcal MEyi% protein for the HE diet). A similar conclusion 
was reached by Donaldson (1985) in experiments with chickens. Donaldson 
(1985) reported that feeding diets with calorie:protein ratios greater than 
139 kcal MEn/1% protein Impaired the growth of chickens; however chicks fed 
diets with calorie:protein ratios of 120 and 139 had similar BW at 21 days 
of age. 
In the current research, it could not be determined whether the 
favorable effect of adding Ibuprofen* to a CSBM diet on BW of turkeys at 14 
days of age would last longer. A decision had been made to replace the 
CSBM diet for the IBU diet prior to analyzing the results obtained at 14 
days of age. This decision was made on the basis of the equal growth of 
turkeys fed the CSBM and IBU diets until 9 days of age. The Improvement In 
BW observed was due to a more efficient utilization of feed by turkeys fed 
the IBU diet than those fed the CSBM diet and not by increasing feed 
Intake. The absence of significant effects of Ibuprofen® administration on 
FI of turkeys contrasts with results reported by Hellerstein et al. (1989) 
with rats. Hellerstein et al. (1989) reported that i.p. injection of IBU 
into rats prevented the depression in FI caused by injection of 
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1nter1euk1n-l. We might have not observed this effect because the route, 
dose, and time of administration were different than those reported by 
Hellerstein et al. (1989). Hellerstein et al. (1989) Injected IBU l.v. at 
a dose of 10 pg/g BW prior to IL-1 injection. In the current study, IBU 
was added to the diet In Experiment 2 and turkeys had access to feed after 
Injection of LPS. Intake of IBU was calculated from the FI data reported 
In Table 8. Average Ibuprofen* Intake of turkeys In the IBU LPS treatment 
group was 7.9 ng/g BW for the age period of 1 to 3 days and 11.2 and 12.9 
for the age periods of 3 to 5 and 5 to 7 days, respectively. Furthermore, 
consumption of Ibuprofen® may have been less than the calculated values 
during the first hours after injection. Klasing and Austic (1984a) 
Injected chickens i.p. with Escherichia coli 263 (08:k87 88ab, H19) and 
compared FI of these chicks with that of chickens Injected with PBS at 
different times from 0 to 42 h after injection. Feed intake of chickens 
injected with f. coli was less than 20% of the FI of control chickens from 
0 to 4 h after injection and reached a value of 100% of the FI of control 
chickens for the period of 24 to 42 h after injection. Therefore, dietary 
concentrations of IBU greater than 74.5 mg/kg may be required to observe 
effects on FI similar to those reported by Hellerstein et al. (1989) with 
rats. Dietary concentrations to provide 50 jug/g BW could be used. 
Symptoms of Ibuprofen® toxicity have been described in dogs given oral 
doses of 53 ng/g BW (100 ng/g BW*^®) daily for 3 days (Jackson et a7., 
1991) and in rats given 180 ng/g BW (5,700 fig/g BW"^®) daily for 26 wk 
(Adams, 1969b). 
Data obtained on energy and nitrogen retention at 5, 7, and 14 days 
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of age In the current research generally support the effects of injection 
and/or diet on growth and FE. The determined ME^ values of the diets were 
not affected by LPS injection. Thus, the decrease in FI caused by LPS 
injection resulted in a proportional decrease in N (g/pou1t) and energy 
(kcal/poult) retention. These results are consistent with those reported 
by Benson et al. (1993) with broiler chickens. Benson et a7. (1993) 
observed that the determined ME of diets with four different ME 
concentrations were not affected by injection with LPS from Salmonel la 
typhimur ium. 
The improved growth of turkeys fed the SUC and CS31 diets as compared 
with turkeys fed the CSBM diet observed in the research described here was 
mainly due to a greater energy retention. Turkeys fed the SUC and CS31 
diets retained more energy than those fed the CSBM diet in Experiments 1 
and 2. Moreover, the quantity of N retained per poult was similar for 
turkeys fed the CSBM, SUC, and CS31 diets. Therefore, we concluded that 
nitrogen was not limiting for growth In turkey starter diets with 3,100 
kcal MEp/kg and 28.5% crude protein. Nitrogen retention may have been 
limiting for growth of turkeys fed the HE diet in Experiment 1. However, 
the negative effects of feeding the HE diet on growth of turkeys were 
observed only after 7 days of age and no data on N retention were obtained 
at this time or later in Experiment 1. 
The beneficial effect of adding Ibuprofen® to a CSBM diet on BW and 
FE of turkeys may be partly or totally attributed to the greater N 
retention. Because turkeys in the IBU group were fed the CSBM diet after 
14 days of age, further research is required to ascertain whether such an 
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effect of Ibuprofen* on FE would last longer and what the optimal dose 
would be. 
The Increased energy retention of turkeys fed the SUC and CS31 diets 
Is consistent with data reported by H111 and Dansky (1954). Hill and 
Dansky (1954) fed chickens with Isoproteic diets that had productive energy 
values of 2,145 and 1,111 kcal/kg. Feed Intake of the chickens fed these 
diets at 11 wk of age was 4,364 and 5,448 g, respectively. However, the 
Intake of productive energy was 9,374 and 6,064 kcal/chick, respectively. 
The reduced determined ME^ values of the diets as compared with the 
calculated ME^ observed in the current research are consistent with those 
reported by Soto-Salanova et al. (1991) with turkeys and by Murakami et 
al. (1992) with chickens. Soto-Salanova et al. (1991) observed that the 
determined ME^ of diets fed to turkey poults were 17% less than the 
calculated ME^ for the age periods of 8 to 9 and 13 to 14 days. Such a 
reduction in ME^ as compared with the calculated value was coincident with 
a marked reduction in fat retention but only a slight reduction in nitrogen 
retention (Soto-Salanova et a/., 1991). Murakami et al. (1992) observed 
that the metabolizability of dietary energy and lipid absorption in 
chickens reached a minimum at 6 days of age and then increased until 15 
days of age. However, Angel et ai. (1990b) reported determined MEp values 
that were similar to the calculated values with 9 day-old turkeys. Thus, 
it can be concluded that the ME^ value of diets fed to poultry is less than 
the calculated value at 5 days of age and later, then the ME^ value of the 
diet Increases until reaching values similar to the calculated ME^. 
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However, the age at which the determined MEp Is similar to the calculated 
value may vary among flocks of turkeys or chickens. 
The activity of membrane-bound intestinal enzymes is also reduced 
during the first wk of life in chickens and turkeys. Naltase, sucrase, and 
alkaline phosphatase are membrane-bound enzymes that follow similar age-
related patterns of change (Moog, 1950; Siddons, 1969; Angel et a7., 
1990a). Naltase, sucrase and alkaline phosphatase specific activities 
decline from the time of hatch until 4 to 13 days of age and then increase 
(Siddons, 1969; Angel et al., 1990a; Sell et a?., 1991; Vilaseca, 1993). 
Jejunal sucrase specific activity (SSA), expressed as /unoles of 
sucrose hydrolyzed/mg protein hourly, was determined in the current 
research to further assess the developmental status of the gastrointestinal 
tract of turkey poults as affected by diet or injection. The developmental 
patterns of SSA in Experiment 1 and 2 were similar to those described by 
Siddons (1969) in chickens and by Sell et al. (1991) in turkeys. However, 
differences between Experiment 1 and Experiment 2 were observed. Sucrase 
specific activity began to increase after 13 days of age in Experiment 1 
whereas the increase in specific activity occurred later in Experiment 2. 
The differences in sucrase activity between experiments were more marked 
when sucrase activity per gram of tissue was calculated because of the 
higher protein concentration in the jejunum of turkeys in Experiment 1 than 
in Experiment 2. Average sucrase activities (^oles of sucrose 
hydrolyzed/g of wet jejunum hourly) at 21 days of age was 40.7 and 25.9 in 
Experiments 1 and 2, respectively (Figure 1). Differences in the magnitude 
of age-related changes in the activities of membrane-bound Intestinal 
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I Experiment 1 OH Experiment 2 
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FIGURE 1. Jejunal sucrase activity (/«noles of sucrose hydrolyzed/g of wet 
tissue hourly) of turkey poults, Experiments 1 and 2. 
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disaccharldases of turkeys can be found In the published literature. 
Minimal specific activities of Intestinal sucrase and maltase have been 
reported to occur at 4 (Sell et a/., 1991) and 13 days of age (Sell and 
Angel> 1990). Furthermore, Soto-Salanova et al. (1992) reported that a 
marked decrease In dietary ME^ was coincidental with low maltase specific 
activities In 21-day old turkey poults. Such a decline In activity was 
attributed to the occurrence of a mild enteric disorder. Marked reductions 
In jejunal maltase and SSA have been reported In turkeys affected by 
experimentally-Induced stunting syndrome as compared with maltase and SSA 
of uninfected control turkeys (Angel et a7., 1990b; Al-Batshan et a h ,  
1992). The reduced jejunal total disaccharldase activity of turkeys from 
14 to 21 days of age In Experiment 2 as compared with the same period of 
Experiment 1 may partly explain the reduced ME^ of the diets as compared 
with the calculated values at 14 days of age. However, no MEp 
determinations were done at 14 days of age or later in Experiment 1 to 
confirm such a hypothesis. 
Sucrase specific activity was not consistently affected by diet or 
injection in the current research. From the data obtained in Experiment 1, 
we concluded that the decline in SSA in LPS-injected poults may be retarded 
as compared with the decline in SSA observed in LPS-injected poults during 
the first 7 days after hatch. The retarded decline in SSA may be due to 
the decreased FI observed in LPS-injected turkeys. Moog (1950) reported 
that chicks fasted for 3 days after hatch had a greater concentration of 
alkaline phosphatase in the enterocytes than those that had been fed from 
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the time of hatch. However, the results obtained In Experiment 2 did not 
confirm those obtained In Experiment 1. Further determinations of SSA may 
have been needed between 1 and 5 days of age to ascertain the possible 
effects of LPS injection on enzymatic activity in the intestinal mucosa. 
Plasma uric acid concentrations were not affected by LPS Injection In 
either Experiment 1 or 2. In contrast, Klasing and Austic (1984a) reported 
that plasma uric acid decreased between 8 and 48 hours after injection of 
£. coli into chickens and indicated that the decrease in plasma uric acid 
might represent an Increase In utilization of nitrogen for synthesis of 
nucleic acids and/or a decrease in amino acid catabolism. However, Klasing 
and Austic (1984a; 1984c) reported that the synthesis rate of protein was 
Increased In the bursa and spleen of chickens Injected with E. coli and 
that the increased demand for amino acids in these tissues might be 
satisfied by an Increased catabolism of protein in muscle. Thus, the 
effects of an Immune stress on plasma uric acid concentration seem to 
depend on a balance between protein synthesis and catabolism, which 
evidently did not seem to occur in the current research. 
The effects of an early Induction of Immune stress in turkey poults 
by LPS injection may last 21 days or more. Increasing dietary ME^ to 3,100 
kcal/kg Improved growth of turkey poults as compared with turkeys fed diets 
with 2,800 kcal ME^kg, irrespective of the Induction of immune stress. 
Therefore, Increasing ME^ to 3,100 kcal ME^kg did not fully overcome the 
adverse effects of LPS injection on growth of turkey poults. The reduction 
in growth caused by LPS Injection was mainly due to a reduction in feed 
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Intake and not to an adverse effect on the ability of the digestive tract 
to digest and absorb nutrients. Although feeding Ibuprofen® at a 
concentration of 74.5 tng/kg of diet did not Improve feed intake, it may 
have a potential beneficial effect on growth of turkeys by improving 
nitrogen retention and, thereby, feed efficiency. 
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PAPER III. EFFECT OF EARLY IMMUNE STRESS AND CHANGES IN DIETARY 
NETABOLIZABLE ENERGY ON THE DEVELOPMENT OF NEWLY HATCHED 
TURKEYS. II. SELECTED CHARACTERISTICS OF IMMUNE FUNCTION 
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ABSTRACT 
Two 21-day experiments were conducted to document the effects of an 
early Immunologic stress and changes In dietary ME^ on selected 
characteristics of Immune function of newly hatched turkeys. Eight 
treatments were Included In each experiment. Treatments were the result of 
complete factorial arrangements of 2 types of Injection and four 
Isonltrogenous diets. Turkeys In both experiments were Injected l.p. with 
.5, .5, and .2 ml of saline (SAL) or a solution of Escher ichia col i  
lipopolysaccharide (LPS) (100 /ig LPS/mL SAL) at 1, 3, and 5 days of age, 
respectively. In Experiment 1, two diets were formulated to contain 2,800 
kcal MEp/kg. One was a corn-soybean meal based diet (CSBM) and the other 
contained 8% Solkafloc® (SKF). A third diet (3,100 kcal ME/kg) was 
formulated by replacing 8% sucrose (SUC) for the 8% SKF. The fourth diet 
included in Experiment 1 was formulated to contain 3,700 kcal NE^kg. Two 
additional diets tested in Experiment 2 were the CSBM diet containing 74.5 
mg Ibuprofen®/kg (IBU) and a corn-soybean meal based diet formulated to 
contain 3,100 kcal ME^/kg (CS31). Concentrations of plasma IgG and jejunal 
IgG and IgA were not affected by injection or diet. Age-related changes in 
Ig concentrations were consistently observed in Experiments 1 and 2. 
Plasma IgG decreased markedly from 1 to 9 days of age, then increased until 
21 days of age. Jejunal IgG decreased slightly from I to 7 days of age and 
increased from 7 to 21 days of age. Jejunal IgA concentration increased 
from 1 to 5 days of age, then decreased until 9 days of age. From 9 to 21 
days of age, IgA concentration in the jejunum Increased. Blastogenic 
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responses to concanavalln A and LPS were determined by using a colorlmetrlc 
whole blood assay. Injection with LPS reduced the number and/or activity 
of blood leukocytes at 8 days of age (P<.01), as compared with samples from 
turkeys Injected with SAL. Leukocytes In whole blood samples from turkeys 
fed the HE diet responded less to LPS stimulation than those fed the SUC 
diet (P<.01). Injection with LPS did not markedly affect the 
characteristics of immune function studied and feeding a diet with 3,100 
kcal ME^/kg and 28.5% crude protein did not measurably affect the 
characteristics of Immune function of young turkeys. 
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INTRODUCTION 
Parenteral administration of 11popo1ysacchar1.de (LPS) has been 
reported to Induce physiological responses similar to those caused by 
Infection with gram-negative bacteria. Physiological responses to LPS 
Injection Include fever, anorexia, Impaired growth, release of cytokines, 
Increased prostaglandin (PG) production, and synthesis of acute phase 
proteins (Lindberg et al., 1983; Klasing et a7., 1987a; Hellerstein et a/., 
1989). 
Increased body temperature after LPS Injection has been reported In 
rabbits (Lindberg et a7., 1983), chickens (Klasing et al., 1987a), humans 
(Nichle et al., 1988), and sheep (Sloane et al., 1992). The febrile and 
other responses are related to an Increased release of cytokines. 
Injection of 1nterleuk1n-l (IL-I) In chickens caused an Increase In cloaca! 
temperature similar to that caused by LPS Injection (Klasing et a l . ,  
1987a). The cytokines IL-1 and tumor necrosis factor (TNF) have been 
reported to be Involved In the Increase of PG and thromboxanes release and 
anorexia (Kettelhut et al., 1989; Hellerstein et al., 1989). 
Prostaglandins and thromboxanes act as potent vasodilators and hypotensors 
(Lee and Katayama, 1985). Reduced feed Intake and growth have been 
reported In research conducted with rats Injected with IL-1 (Hellerstein et 
al., 1989) or TNF (Tracey et al., 1988) and chickens injected with IL-1 
(Klasing et al., 1987a). Furthermore, plasma cortlcosterone concentration 
is Increased In chickens after injection with LPS (Klasing et al., 1987a). 
Therefore, the term "immunological stress" was selected to refer to the 
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wide array of physiological changes that follow Injection of LPS (Klasing 
et a7., 1987a). 
The Induction of an Immunological stress by Injection of LPS from 
Escherichia coll In turkeys has been reported by Klasing et a7. (1987b) and 
Piquer (1994). Klasing et a7. (1987b) reported Increased liver Zn and 
serum Cu concentrations after LPS or IL-1 Injection into turkey embryos (16 
days of Incubation) and 1 day-old turkeys. Piquer (1994) reported that the 
Injection of E. coli LPS Into newly hatched turkeys caused reductions In BW 
gain of 21 to 45% of the BW gain of control turkeys. Feed Intake was 
reduced from 15 to 31% by LPS injection. 
Severe feed and/or nutrient restriction has been reported to affect 
the Immune function of different species. José et al. (1973) reported that 
a 2-week severe reduction in protein and energy reduced the ability of rats 
to produce hemagglutinating antibodies and the cytotoxic capacity of the 
immune system after a 5 and a 12-wk refeeding period, respectively. Hook 
and Hutcheson (1976) observed that reducing the protein concentration of 
diets for mice from 16% to 12 or 2% caused a reduction in the relative 
sizes (mg/g BW) of thymus and spleen as well as an impairment in the 
ability to produce antibodies against sheep erythrocytes. Moreover, 
Williams et al. (1979) reported that a marginal deprivation of methionine 
in dam rats increased the susceptibility of their offspring to Salmonella 
typhimurium and reduced the mitogenic responses of splenic lymphocytes and 
thymocytes to stimulation with concanavalin A and Pokeweed mitogen, 
respectively. 
The effects of altering the energy and/or protein concentration of 
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the diet on humoral and cell-mediated Immunity of chickens have been 
reported by Glick et al. (1981, 1983). Glick et al. (1981) reported that 
chickens fed diets severely deficient (one third of the control) In 
protein, limiting amino acids, and/or energy had lower antibody responses 
to sheep red blood cells than chickens fed diets with 3,136 kcal ME/kg, 
1.2% lysine and .89% methionine from the time of hatch. However, the 
effects of reduced protein and/or energy Intake on antibody production did 
not seem to be related to a reduction of the number of leukocytes or 
lymphocytes (Glick et al. y 1983). Futhermore, Tslagbe et al. (1987) 
reported that the methionine requirement for.optimal Immune response may be 
greater than the requirement for maximal growth. In contrast, Klasing and 
Barnes (1988) reported that the methionine requirement for maximal growth 
of chickens undergoing an Immune stress may be less than that of control 
chickens. Therefore, It Is of Interest In animal production to determine 
whether the nutrient requirements for optimal growth and immune function 
would be the same when an Immune stress or a disease are present as 
compared with the requirements established under "healthy" conditions 
(Klasing, 1988). 
Injection of LPS has been reported to affect Immune function. 
Benacerraf and Sebestyen (1957) reported a transitory reduction in the 
phagocytic activity of blood monocytes and liver Kupffer cells in rabbits 
and mice after injection of LPS from f. coli as measured by a carbon 
clearance technique. This decrease in phagocytic activity was preceded by 
an Increase In phagocytic activity 2 h after injection of LPS (Arredondo 
and Kampschmidt, 1963). 
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LPS Injection Into newly hatched turkeys may affect Immune function 
by decreasing phagocytic activity and/or by decreasing nutrient Intake. 
The research reported here was conducted to determine whether the Injection 
of LPS and changes In the ME^ content of the diet would alter the 
development of the Immune system of newly hatched turkeys. Criteria 
selected to estimate Immune function were IgG concentration in plasma, IgG 
and IgA concentrations in jejunal mucosa, and blastogenic responses to 
concanavalln A and LPS. 
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MATERIALS AND METHODS 
Experimental Design 
Experiment 1 
Five hundred and seventy-six 1-day-old male turkey poults (Nicholas 
Large White) were obtained from a commercial hatchery. Twenty poults were 
placed In each of 16 pens and 16 poults were placed In each of an 
additional 16 pens so that the average poult weight was approximately the 
same in each pen. Pens were located In battery brooders. Each of eight 
treatments was randomly assigned to four pens. 
Treatments were the result of a complete factorial arrangement of two 
types of Injection and four diets. Turkeys In each of the dietary 
treatments were injected i.p. with either a solution of lipopolysaccharide 
(LPS) from Escherichia coli strain 0111:84^ (100 pg/mL of saline) or 
saline (SAL). Both LPS and SAL solutions were filtered by passage through 
a .45 im filter^ prior to Injection. Groups Injected with LPS had 20 
turkeys per pen whereas those injected with SAL had 16 turkeys per pen to 
compensate for expected death losses related to LPS Injection. Volumes of 
LPS and SAL Injected were .5, .5, and .2 mL at 1, 3, and 5 days of age, 
respectively. No nonlnjected controls were included In either experiment 
on the basis of the equal growth of SAL-lnjected and nonlnjected controls 
observed in preliminary research (Piquer, 1994). 
Two of the four diets were formulated to contain 2,800 kcal ME^/kg. 
^Sigma Chemical Company, St. Louis, MO 63178. 
^Nalge Company, Rochester, NY 14602-0365. 
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One was a corn-soybean meal diet (CSBN) whereas the other was a corn-
soybean meal based diet with the Inclusion of 8% cellulose as Solkafloc*^ 
(SKF). A third diet was formulated by replacing the 8% cellulose of the 
SKF diet with sucrose (SUC). Nitrogen-corrected ME of the SUC diet was 
calculated to be 3,094 kcal/kg. The fourth diet (HE) was formulated to 
have a calculated energy value of 3,700 kcal ME^kg. All diets were 
Isoproteic (28.5% crude protein) and met or exceeded the National Research 
Council (NRC) recommended concentrations for other nutrients on a 
calculated basis (NRC, 1984). Blood meal and corn gluten meal were 
Included in the formulation of the HE diet to maintain an amino acid 
composition similar to that of the other three diets. Diet composition and 
calculated analysis are shown in Table 1. 
Experiment 2 
Four hundred and forty-eight 1-day-old, male turkey poults (Nicholas 
Large White) were obtained from a commercial hatchery. Fifteen poults were 
placed in each of 16 pens and 13 poults were placed in each of an 
additional 16 pens so that the average poult weight was approximately the 
same in each pen. Pens were located in battery brooders. Each of eight 
treatments was randomly assigned to four pens. 
Treatments were the result of a complete factorial arrangement of two 
types of injection and four diets. Injection with LPS or SAL solutions was 
done as described for Experiment 1. Groups injected with LPS had 15 poults 
per pen whereas those injected with SAL had 13 turkeys per pen. 
^Brown Co., Berlin, New Hampshire, 03570. 
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TABLE 1. Ingredient composition and calculated analysis of the corn-
soybean meal (CSBN), Solkafloc" containing (SKF), sucrose containing (SUC), 
and high energy (HE) diets, Experiment 1 
Diet 
Ingredient CSBM SKF SUC HE 
(%)— 
Corn 38.83 22.74 
Soybean meal 
(46.46% crude protein) 53.17 55.87 
Solkafloc® 8.00 
Sucrose 
Blood meal 
Corn gluten meal 
Soybean oil K46 6.83 
01calcium phosphate 2.33 2.38 
Limestone 1.47 1.42 
Mineral premix^ .30 .30 
Vitamin premix^ .30 .30 
DL-meth1onine .14 .16 
Chromic oxide premix^ 2.00 2.00 
Calculated analysis 
Dry matter, % 90.42 91.05 
MEn, kcal/kg 2,800 2,800 
Crude protein, % 28.50 28.50 
Total sulfur 
amino acids, % 1.05 1.05 1.05 1.05 
Methionine, % .60 .62 .62 .63 
Lysine, % 1.75 1.79 1.79 1.75 
Ether extract, % 3.33 8.19 8.19 16.81 
22.73 24.31 
55.87 42.20 
8.00 4.00 
4.00 
5.00 
6.83 15.78 
2.38 2.49 
1.43 1.45 
.30 .30 
.30 .30 
.16 .17 
2.00 2.00 
91.69 92.20 
,100 3,700 
28.50 28.50 
^Supplied per kg of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 mg; 
selenium, .15 mg; sodium chloride, 2.60 g. 
^Supplied per kg of diet: vitamin A (retinyl acetate), 5,000 lU; 
cholecalciferol, 1,500 lU; dl-a tocopheryl acetate, 12 lU; vitamin 8,2, 11 
jig; vitamin K (menadione sodium bisulfite), 1.8 mg; riboflavin, 2.7 mg; 
pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 pg. 
^Supplied 2 g chromic oxide per kg of diet. 
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The CSBM and SUC diets were formulated as In Experiment 1. A third 
diet was formulated to be Isocaloric with the CSBM diet and to contain 74.5 
mg of Ibuprofen**/kg of diet (IBU). On the basis of the feed Intake data 
obtained In Experiment 1, turkey poults should have consumed approximately 
10 fig Ibuprofen*/g BW dally during the first week of life. The IBU diet 
was fed from 1 to 14 days of age. From 14 to 21 days of age, turkeys In 
the IBU group were fed the CSBM diet. The fourth diet was a corn-soybean 
meal based diet formulated to provide 3,100 kcal ME^/kg. All diets were 
Isoproteic (28.5% crude protein) and met or exceeded the NRC recommended 
concentrations of other nutrients on a calculated basis (NRC, 1984). Diet 
composition and calculated analyses are shown in Table 2. 
Housing 
Turkeys were housed in electrically heated brooder batteries® with 
raised wire floors during the two 21-day experimental periods. Room 
temperatures ranged between 23 and 25 C and pen temperature was kept at 35, 
32 and 29 C during the first, second, and third weeks of life, 
respectively. Food and water were provided for ad  l i b i t um consumption 
throughout the experimental periods. 
*Upjohn, Kalamazoo, MI 49001. 
Gpetersime, Gettysburg, OH 45328. 
119 
TABLE 2. Ingredient composition and calculated analysis of the corn-
soybean meal (CSBM), Ibuprofen* containing (IBU), and sucrose containing 
(SUC) diets, and the corn-soybean meal-based diet with 3,100 kcal/kg 
(CS31), Experiment 2 
Diet 
Ingredient CSBM IBU SUC CS31 
Corn 
Soybean meal 
(46.44% crude protein) 
Sucrose 
Soybean oil 
D1calcium phosphate 
Limestone 
Mineral premix^ 
Vitamin premix^ 
DL-methionine 
Chromic oxide premix* 
Ibuprofen® premix* 
35.80 
55.25 
2!39 
2.32 
1.46 
.30 
.30 
.18 
2.00 
-(%)-
Calculated analysis 
Dry matter, % 90.51 
MEn, kcal/kg 2,800 
Crude protein, % 28.50 
Total sulfur 
amino acids, % 1.05 
Methionine, % .62 
Lysine, % 1.76 
Ether extract, % 4.28 
29.13 
55.25 
2!O6 
2.32 
1.46 
.30 
.30 
.18 
2.00 
7.00 
90.51 
2,800 
28.50 
1.05 
.62 
1.76 
4.28 
20.21 
57.67 
8.00 
7.53 
2.38 
1.42 
.30 
.30 
.19 
2.00 
91.76 
3,100 
28.50 
1.05 
.62 
1.80 
8.92 
29.21 
56.27 
7:94 
2.35 
1.44 
.30 
.30 
.19 
2.00 
90.97 
3,100 
28.50 
1.05 
.62 
1.78 
9.56 
^Supplied per kg of diet: manganese, 70 mg; zinc, 40 mg; copper, 6 mg; 
selenium, .15 mg; sodium chloride, 2.60 g. 
^Supplied per kg of diet: vitamin A (reetinyl acetate), 5,000 lU; 
cholecalciferol, 1,500 lU; d1-a tocopheryl acetate, 12 lU; vitamin B12, 11 
/ig; vitamin K (menadione sodium bisulfite), 1.8 mg; riboflavin, 2.7 mg; 
pantothenic acid, 7 mg; niacin, 75 mg; choline, 509 mg; folic acid, .55 mg; 
biotin, 75 /ig. 
^Supplied 2 g chromic oxide per kg of diet. 
^Supplied 74.5 mg Ibuprofen® per kg of diet. 
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Sampling of Blood and Jejunum 
One poult per pen was randomly selected at 5, 9, 13, 17, and 21 days 
of age in Experiment 1 and at 5, 9, 14, and 21 days of age In Experiment 2 
for sampling of blood and jejunum. Also, turkeys (10 In Experiment 1 and 8 
In Experiment 2) were randomly selected at 1 day of age for sampling to 
obtain baseline data. Moreover, blood samples were taken from two turkey 
poults per pen at 4 and 8 days of age In Experiment 1 to determine I n  v i t r o  
blastogenic responses to the mitogens concanavalin A (Con A) and LPS. 
Blood was obtained by jugular venipuncture by using heparlnized 
syringes. Blood samples were centrifuged at 1,000 x g for 10 min and the 
plasma fraction was frozen and stored at -20 C until analyzed. Blood 
samples to determine blastogenic responses to mitogens were obtained in 
sterile syringes. 
To obtain jejunal samples, poults were killed by Halothane*® 
inhalation. The jejunum, I.e., the segment of the small intestine between 
the openings of the biliary and pancreatic ducts and the Meckel's 
diverticulum, was excised. Jejuna were flushed with cold PBS, pH 7.2 
(containing .342 M NaCl, 20,5 mM NagHPO*, 6.7 mM KCl, 3.7 mM KHgPO*, 1.5 mM 
NaNg, and 1 mM Phenyl methyl sulfonyl fluoride). Ten cm of the middle 
portion of the jejunum were separated and placed in preweighed vials 
containing 5 or 10 mL PBS, pH 7.2. Jejunal samples were frozen in liquid 
nitrogen, weighed, and stored at -20 C until prepared for immunoglobulin 
determinations. 
®Halocarbon Laboratories, North Augusta, SC 29841. 
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Jejunal samples were thawed at room temperature and PBS, pH 7.2, was 
added to obtain a concentration of 50 mg of wet jejunum/mL. Samples were 
homogenized by using a Polytron^ at a speed setting of 6 for 30 s. An 
aliquot (3 mL) of the sample was centrlfuged at 20,000 x g for 30 min. The 
supernatant was obtained and stored at -20 C until Ig determinations were 
done. 
Determination of IgG and IgA concentrations 
Plasma and jejunal IgG and jejunal IgA were determined by using a 
double antibody ELISA sandwich technique (Voiler et al., 1970) as described 
by Piquer et al. (1991). Microtiter plates® were coated overnight at 4 C 
with 100 nl of a goat anti-chicken IgG or IgA® primary antibody (Fc 
fragment or a-chain specific, affinity purified, respectively) at a 
concentration of 1 pg/mL in a carbonate-bicarbonate buffer, pH 9.6 
(containing 15 mM Na2C03 and 34.9 mM NaHCOg) in each of the 96 wells of the 
plate. In Experiment 2, plates for IgA determination were coated with 100 
nl per well of the primary antibody solution at a concentration of 2 pg/mL. 
Plates were washed with deionized distilled water in a microtiter plate 
washer^o, blocked with 200 /iL of a 1% BSA solution in PBS-Tween-20, pH 
7.4 [containing .137 M NaCl, 1.5 mM KNgPO*, 9 mM Na2HP04.7H20, 2.7 mM KCl, 
^Kinematica PT 10-35, Brinkman Instruments, Westburg, NY 11590. 
®Bio-Rad, Richmond, CA 94804-9989. 
®Bethyl Laboratories Inc., Montgomery, TX 77356. 
i°skatron Microwash, Skatron Inc., Sterling, VA 22170. 
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and .05% (vol/vol) Tween-20 (polyoxyethylenesorbltan mono1aureate)] at 37 C 
for 1 h and washed again. Samples diluted In 1% BSA-PBS-Tween-20 (100 pL) 
were delivered to the wells of the microtiter plates and Incubated at 37 C 
for 2 h. Plasma samples were diluted 500,000-fold in Experiment 1 and 
100,000-fold In Experiment 2. Jejunal supernatants were diluted twofold 
for IgA determination and fivefold for IgG determination In both 
experiments. After Incubation with the samples, plates were washed and 100 
mL of the secondary antibody, a horse-radish peroxidase conjugate of goat 
antichicken IgG or IgA® (Fc fragment or a-chain specific, affinity 
purified, respectively) at a concentration of 1 pg/mL in 1% BSA-PBS-Tween-
20, was delivered to each well. The secondary antibody was incubated for 1 
h at 37 C. Plates were washed and 100 nl of a substrate solution of H2O2 
and ABTS [2,2'-Az1nobis(3-ethylbenz-thyazolinesulfonic acid)]^ in citrate 
buffer, pH 3.5 (50 mM citric acid), was added to each well. The substrate 
solution was prepared by dilution of stock solutions of ABTS and H2O2. The 
final concentration of ABTS was .02 mM and H2O2 (30%) was diluted 4,000-
fold. After a 30 min incubation with the substrate solution, absorbance 
was measured at 405 nm by using an enzyme Immunoassay reader^^ 
A triplicate blank or negative control was carried through the assay. 
The three wells were coated and blocked as described above. One hundred /iL 
of 1% BSA-PBS-Tween-20, instead of sample, were delivered to each of the 
three wells. Thereafter, the procedure followed was the same as described 
previously for the analysis of samples. The absorbance of the control 
^^EIA, Fisher Chemical Co., Lexington, MA 02173. 
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wells was adjusted to zero prior to measuring absorbance In the samples. 
Because absorbance units are linearly related to the logarithm of the Ig 
concentration (Piquer et aL, 1991), we considered that the absorbance 
measurements obtained could be used as estimates of Ig concentration. 
Therefore, no standard curve was used In any instance to calculate Ig 
concentration. 
Determination of In Vitro Blastogenic Responses 
Blastogenic responses of turkey lymphocytes to concanavalln A (Con A) 
and LPS were determined by using an in vitro whole blood assay similar to 
that described by Sharma and Belzer (1992). However, a colorimetric method 
based on the use of MTT .[3-(4,5-dimethyUhiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide)]^ was used to determine the cellular activity 
(Mosmann, 1983; Green et a/., 1984) instead of ^H-thymidine. Ten nl of 
each blood sample were delivered to each of 12 wells of sterile microtiter 
plates^^ containing 200 fii of one of three culture media. Control wells 
contained RPMI 1640^ with 2 mM L-glutamine, 100 Units of penicilin/mL, and 
100 ng streptomycin/mL. Mitogen-stimulated wells contained the same medium 
as control wells with either LPS from Salmonella typhymurium (1.2 pg/mL) or 
Con A^® (50 pg/mL). Microtiter plates were incubated for 72 h at 41 C in 
a humidified incubator with a 5% CO2 atmosphere. After incubation, 20 /xL 
of an MTT solution in PBS, pH 7.2 (10 mg/mL) were added to each well. 
T^Corning, Park Ridge, IL 60068. 
^^ICN Biologicals, Irvine, CA 92713-9921. 
124 
Plates were Incubated for 3 h at 41 C. One hundred and fifty lil of media 
were removed from each well and replaced with 150 nl of a saponin solution 
(10 g/L In PBS, pH 7.2). The contents of the wells was mixed by replpeting 
and plates were then centrlfuged for 2 min at 600 x g. Saponin (150 
/iL/well) was removed and 150 nL of acid Isopropanol (3.3 mL 12 N HCl/mL 
Isopropanol) was added to each well. The formazan crystals were released 
by mixing and absorbance was read at 570 nm with an ELISA reader^*. 
Responses to Con A and LPS were expressed as the difference In the 
absorbance of mitogen-stimulated wells and control wells. 
Statistical Analysis 
Data were analyzed by analysis of variance by using the General 
Linear Models Procedure of the Statistical Analysis System (SAS Institute, 
1985) to determine main effects of diet and LPS injection and their 
Interaction. Orthogonal contrasts were done when significant (P<.05) 
effects of diet were observed. In Experiment 1, the average of the CSBM 
and SKF diets was compared with the average of the SUC and HE diets. The 
other two contrasts were done to compare the CSBM diet with the SKF diet 
and the SUC diet with the HE diet. In Experiment 2 orthogonal contrasts 
were done to compare the diets with 2,800 kcal ME^/kg with those with 3,100 
kcal ME^/kg and the diets within each of these groups (CSBM vs IBU and SUC 
vs CS31). 
i*Biotech Instruments EL-310, Highland Park, Winooski, VT 05404-0998. 
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RESULTS 
The effects of an early Immune stress and changes In dietary MEp on 
growth and nutrient utilization obtained In the two experiments reported 
here have been presented In a separate manuscript (Piquer, 1994). In this 
manuscript, the results presented are those obtained on selected 
characteristics of Immune function. 
Experiment 1 
Plasma IgG concentration was not significantly affected by injection 
or diet (Table 3); however, age-related changes were observed. The 
concentration of IgG In plasma decreased markedly from 1 day of age (.547 
absorbance units) until 9 days of age (.169 absorbance units), then 
increased until the end of the experiment. 
The concentration of IgG in jejunum was not consistently affected by 
diet or injection (Table 4). The significant effect of diet on jejunal IgG 
observed at 3 days of age (P<.03) was not observed at any other age. Age-
related changes in jejunal IgG were different than those observed in plasma 
IgG. The concentration of IgG in the jejunum of newly hatched turkeys 
decreased from 1 to 7 days of age but this decrease (from 1.050 to .920 
absorbance units) was less marked than that observed in plasma IgG. 
Turkeys injected with LPS had a greater concentration of IgA in the 
jejunum (P<.05) at 5 days of age than turkeys injected with SAL (Table 5). 
No other effects of injection or diet on IgA concentration in the jejunum 
were observed throughout the experiment. In contrast to the age-related 
changes observed in plasma and jejunal IgG concentrations, IgA 
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TABLE 3. Plasma IgG concentration of turkey poults Injected with 
llpopolysaccharide (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBN) or diets containing Solkafloc* (SKF), sucrose (SUC) or a high energy 
concentration (HE), Experiment 1 
Age (days) 
Diet Injection 1 S 7 9 13 17 21 
(OQi) 
CSBM LPS? .547 .201 .241 .135 .158 .453 .416 
CSBM SAL® .547 .372 .253 .387 .192 .207 .232 
SKF LPS .547 .251 .176 .107 .211 .217 .159 
SKF SAL .547 .319 .208 .120 .170 .147 .381 
sue LPS .547 .267 .174 .244 .295 .186 .292 
sue SAL .547 .243 .339 .158 .197 .270 .361 
HE LPS .547 .286 .132 .091 .241 .258 .236 
HE SAL .547 .331 .129 .109 .154 .330 .789 
MEAN .547 .284 .206 .169 .204 .259 .358 
SEN* .072 .058 .065 .061 .084 .136 
Source of 
JLflJuLallsin rrODaDI11ticS' 
Diet - • - .90 .14 .07 .70 .31 .32 
Injection " . - .21 .22 .29 .30 .50 .10 
Diet X Injection - • - .61 .47 .09 .73 .19 .08 
^Absorbance at 405 nm. 
^Injected intraperitoneally with .5 mL of LPS in saline (100 fig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
*Means of four pens per treatment. 
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TABLE 4. Jejunal IgG concentration of turkey poults Injected with 
llpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBM) or diets containing Solkafloc® (SKF), sucrose (SUC) or a high energy 
concentration (HE), Experiment 1 
Age (days) 
Diet Injection 1 5 7 9 13 17 21 
-(OD')-
CSBM LPSZ 1.050 .977 .864 .968 1.007 1.075 1.094 
CSBM SAL* 1.050 1.031 .949 .984 1.050 1.105 1.116 
SKF LPS 1.050 1.001 .972 .968 1.042 1.102 1.110 
SKF SAL 1.050 1.016 .915 .850 1.044 1.096 1.130 
sue LPS 1.050 1.011 .944 .994 1.065 1.095 1.148 
sue SAL 1.050 .982 .949 .968 1.074 1.116 1.117 
HE LPS 1.050 .922 .892 .908 .919 1.040 1.071 
HE SAL 1.050 .913 .876 .919 1.004 1.062 1.203 
MEAN 1.050 .982 .920 .946 1.026 1.086 1.124 
SEM* .033 .035 .065 .043 .019 .031 
SPWrçç of 
variation 
Diet 
Injection 
Diet X Injection 
-Probabllltles-
.03 .24 .53 .11 .06 
CO 
.74 .87 .57 .26 .25 .12 
.63 .25 .69 .76 .81 .09 
^Absorbance at 405 nm. 
^Injected intraperltoneally with .5 mL of LPS in saline (100 ^ g LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
*Means of four pens per treatment. 
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TABLE 5. Jejunal IgA concentration of turkey poults Injected with 
llpopolysaccharide (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBM) or diets containing Solkafloc® (SKF), sucrose (SUC) or a high energy 
concentration (HE), Experiment 1 
Age (days) 
Diet Injection 1 5 7 9 13 17 21 
(ODM 
CSBM LPS? .215 .259 .238 .248 .254 .278 .344 
CSBM SAL® .215 .227 .178 .200 .200 .291 .389 
SKF LPS .215 .285 .228 .248 .241 .335 .384 
SKF SAL .215 .265 .306 .217 .311 .369 .363 
sue LPS .215 .265 .270 .259 .290 .376 .358 
sue SAL .215 .244 .278 .270 .236 .378 .286 
HE LPS .215 .293 .228 .203 .321 .343 .328 
HE SAL .215 .212 .267 .216 .329 .396 .354 
MEAN .215 .256 .249 .232 .272 .346 .350 
SEM* 
- . - .022 .025 .034 .045 .042 .049 
Source 9f 
rrODaDl 1 i LIBS" 
Diet - • - .54 .06 .44 .22 .14 .71 
Injection .02 .37 CJ1 00
 
.81 .40 .87 
Diet X Injection .46 .07 .76 .48 is .67 
^Absorbance at 405 nm. 
^Injected intraperltoneally with .5 mL of LPS in saline (100 fig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
*Means of four pens per treatment. 
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TABLE 6. I n  v i t r o  blastogenic responses of whole blood from turkey poults 
Injected with 11popo1ysacchar1de (LPS) or saline (SAL) and fed a corn-
soybean meal (CSBM) diet or diets containing Solkafloc® (SKF), sucrose 
(SUC) or a high fat concentration (HE), Experiment 1 
4 days 8 days 
Diet Injection Control 1 ConA LPS Control ConA LPS 
(00%) (A OOS) (00) (A CD) 
CSBM LPS* 1.139 .941 .509 1.362 .980 .645 
CSBM SAL® .864 .724 .511 1.451 .756 .402 
SKF LPS 1.474 .716 .400 1.487 1.133 .592 
SKF SAL 1.155 .868 .460 1.607 .771 .543 
sue LPS 1.243 .720 .497 1.354 1.046 .743 
sue SAL 1.098 .944 .487 1.435 .907 .747 
HE LPS 1.055 .559 .436 1.047 .708 .369 
HE SAL 1.222 .863 .475 1.582 1.079 .460 
SEM® .110 .084 .096 .095 .095 .111 
Source of 
Variation rrODaDI 11 t16S' 
Diet .06 .45 .84 .13 .65 .05 
CSBM and SKF vs 
sue and HE - • - .66 
CSBM vs SKF - • - - • - - • - .70 
sue vs HE - • - .01 
Injection .08 .07 .74 .01 .20 .54 
Diet X Injection .14 .03 .98 .07 .01 .50 
^We11s with no mitogen added (Control), with concanavalln A (Con A, 50 
/ig/mL), or with LPS from Salmonella typhymurium (1.2 pg/mL). 
^Absorbance at 570 nm. 
^Increment In absorbance with respect to control wells. 
^Injected Intraperltoneally with .5 mL of LPS In saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
^Means of four pens per treatment. 
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concentration In the jejunum generally Increased from 1 to 21 days of age 
(from .215 to .350 absorbance units). 
Responses to stimulation with the mitogens Con A and LPS In blood 
samples, as measured with a colorlmetrlc method are shown In Table 6. At 4 
days of age, absorbance of the unstimulated blood samples from turkeys 
Injected with LPS was greater (P<.08) than the absorbance of samples from 
turkeys Injected with SAL. However, the absorbance of unstimulated blood 
samples of LPS-Injected turkeys was less (P<.01) at 8 days of age than that 
of unstimulated samples of SAL-lnjected turkeys. This effect of Injection 
was more marked in turkeys fed the HE diet than in those fed the CSBM, SKF, 
and sue diets (P<.07 for diet x injection interaction). 
Responses to Con A stimulation, as indicated by the Increase in 
absorbance with respect to wells containing unstimulated blood samples, 
were greater in SAL-injected turkeys fed the SKF, SUC, and HE diets at 4 
days of age than in LPS-Injected turkeys fed the same diets. However, the 
opposite occurred for turkeys fed the CSBM diet. Thus, there was a 
significant diet x injection interaction (P<.03) at 4 days of age. A 
significant diet x Injection interaction (P<.01) in the response of blood 
samples to stimulation with Con A was also observed at 8 days of age. 
Responses to stimulation with Con A were greater in blood samples of 
turkeys fed the CSBM, SKF, and SUC diets and injected with LPS than in 
samples from turkeys Injected with SAL fed the same diets, whereas the 
opposite occurred in blood samples obtained from turkeys fed the HE diet. 
Responses to stimulation with LPS from Salmonella typhymun'um were 
not affected by diet or injection at 4 days of age. At 8 days of age, 
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proliferative responses to LPS stimulation were less (P<.01) In blood 
samples from turkeys fed the HE diet than In samples from turkeys fed the 
sue diet. 
Experiment 2 
Plasma IgG concentration was not affected by diet or Injection 
throughout the experiment (Table 7). Age-related changes In the 
concentration of IgG In plasma were consistent with those observed In 
Experiment 1. Plasma IgG concentration decreased from 1 to 9 days of age 
(from .782 to .102 absorbance units) then Increased until 21 days of age 
(.358 absorbance units). 
Concentration of IgG In jejunum was not affected by diet or Injection 
during the 21-day experiment (Table 8). Jejunal IgG decreased from 1 to 5 
days of age (from 1.019 to .939 absorbance units), then Increased until the 
end of the experiment (1.118 absorbance units). 
The concentration of IgA In the jejunum was not consistently affected 
by diet or injection (Table 9). The significant effect of diet (P<.04) on 
jejunal IgA observed at 5 days of age was not observed at later ages. 
Moreover, the significant increase in jejunal IgA in LPS-lnjected turkeys 
that was observed in Experiment 1 was not observed in Experiment 2. 
Similar to Experiment 1, IgA concentration in jejunum generally increased 
from 1 to 21 days of age (from .075 to .209 absorbance units). 
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TABLE 7. Plasma IgG concentration of turkey poults Injected with 
lipopolysaccharide (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBM), diets containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean 
meal based diet with 3,100 kcal ME^kg (CS31), Experiment 2 
Age (days) 
Diet Injection 15 7 9 14 21 
(OQi) 
CSBM LPs; .782 .242 .173 .128 .145 .343 
CSBM SAL* .782 .234 .123 .106 .152 .329 
IBU LPS .782 .209 .129 .092 .118 .297 
IBU SAL .782 .249 .135 .113 .238 .384 
sue LPS .782 .273 .130 .083 .187 .483 
sue SAL .782 .249 .119 .105 .124 .271 
CS31 LPS .782 .228 .112 .092 .146 .382 
CS31 SAL .782 .209 .117 .096 .097 .368 
MEAN .782 .249 .130 .102 .151 .358 
SEM* - $ - .030 .020 
00 o
 .037 .068 
Source of 
variation 
Diet .11 .41 .55 .53 .89 
Injection .30 .40 .63 .88 .52 
Diet X Injection 
- , -
O
 
CM 
.49 
o
 
v
o
 
.08 .18 
^Absorbance at 405 nm. 
^Injected intraperitoneally with .5 mL of LPS in saline (100 ng LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperitoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
*Means of four pens per treatment. 
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TABLE 8. Jejunal IgG concentration of turkey poults Injected with 
lipopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBM), diets containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean 
meal based diet with 3,100 kcal ME^/kg (CS31), Experiment 2 
Age (days) 
Diet Injection 1 5 7 9 14 21 
(OQi) 
CSBM LPS: 1.019 .855 1.017 1.038 1.083 1.112 
CSBM SAL® 1.019 .807 .967 .995 1.049 1.108 
IBU LPS 1.019 .837 .989 1.018 1.076 1.126 
IBU SAL 1.019 1.070 1.011 1.003 1.056 1.133 
SUC LPS 1.019 1.027 1.000 1.026 1.096 1.060 
SUC SAL 1.019 1.052 .975 1.036 1.083 1.139 
CS31 LPS 1.019 .987 .924 .946 1.030 1.089 
CS31 SAL 1.019 .872 1.025 .993 1.066 1.130 
MEAN 1.019 .939 .990 1.007 1.068 1.118 
SEM* .113 .039 .026 .029 .014 
ÇpMrçç Qf 
xflriflVLfto "•"'"rrooaul 1 iXlcS'" 
Diet .35 .93 .12 .54 .40 
Injection .77 .69 .99 .70 .06 
Diet X Injection - • - .47 .30 .37 .65 .32 
^Absorbance at 405 nm. 
^Injected intraperltoneally with .5 mL of LPS in saline (100 /ig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected intraperltoneally with the same volume of saline as the turkey 
poults in the LPS group at 1, 3, and 5 days of age. 
*Means of four pens per treatment. 
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TABLE 9. Jejunal IgA concentration of turkey poults Injected with 
llpopolysaccharlde (LPS) or saline (SAL) and fed a corn-soybean meal diet 
(CSBM), diets containing Ibuprofen* (IBU), sucrose (SUC), or a corn-soybean 
meal based diet with 3,100 kcal ME^/kg (CS31), Experiment 2 
Age (days) 
Diet Injection 1 5.7 9 14 21 
(OQi) 
CSBM LPS: .075 .082 .079 .078 .149 .204 
CSBM SAL^ .075 .086 .074 .087 .119 .199 
IBU LPS .075 .074 .071 .073 .147 .238 
IBU SAL .075 .128 .088 .088 .174 .228 
sue LPS .075 .110 .075 .076 .146 .202 
sue SAL .075 .131 .078 .074 .191 .198 
CS31 LPS .075 .111 .087 .074 .164 .187 
CS31 SAL .075 .097 .087 .073 .135 .214 
MEAN .075 .102 .080 .078 .153 .209 
SEM* .012 o
 
o
 
.009 .017 .027 
Source of 
variation rrODaDl 1 iX leS 
Diet .04 .68 .76 .25 .53 
Injection .09 .58 .43 0
0 
.91 
Diet X Injection - , - .06 .72 .81 .09 .89 
^Absorbance at 405 nm. 
^Injected Intraperitoneal!y with .5 mL of LPS In saline (100 fig LPS/mL) 
at 1 and 3 days of age, and .2 mL of LPS at 5 days of age. 
^Injected Intraperltoneally with the same volume of saline as the turkey 
poults In the LPS group at 1, 3, and 5 days of age. 
^Means of four pens per treatment. 
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DISCUSSION 
The absence of consistent effects of Injection or diet on the 
concentration of plasma IgG and Jejunal IgG and IgA agrees with data 
reported by Glick e t  a l .  (1981) and Piquer e t  a l ,  (1991). Glick et a l .  
(1981) fed chickens diets with one third of the amino acids and/or one 
third of the energy of a control diet for 5 weeks. Antibody responses to 
sheep red blood cells, as measured by hemagglutination titers were less In 
chickens fed diets deficient In energy or amino acids but returned to 
normal after 4 weeks of feeding a normal diet. However, the concentration 
of IgG and IgM In plasma was not significantly affected by energy and/or 
amino acid restrlciton (Glick et a7., 1981). In research conducted with 
newly hatched turkeys. Piquer et al. (1991) reported that IgA concentration 
In the jejunum was not significantly affected by Inoculation with the agent 
that causes the enteric disorder known as stunting syndrome. Body weight 
gain and feed Intake were reduced 38 to 47% and 22 to 31%, respectively, 
from 1 to 8 days of age In the research reported by Piquer et al. (1991). 
In the current research, FI and BW gain were reduced 5 to 12% from 1 to 7 
days of age (Piquer, 1994). Thus, nutrient restriction, as a consequence 
of a reduced feed intake, was less severe in the current research than in 
that reported by Glick et al. (1981) and Piquer et al. (1991). Whether or 
not the reduction of feed intake and growth affected the production of 
specific antibodies was not determined in the current research. 
Age-related changes observed in IgG and IgA concentrations were 
consistent in Experiment 1 and Experiment 2. Because there were no 
significant effects of diet or injection on Ig concentrations, age-related 
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changes were studied by using the overall average absorbance values 
obtained at each age. 
The concentration of IgG In plasma decreased from the time of hatch 
until 9 days of age, then Increased until the end of both experimental 
periods (Figure 1). The presence of IgG In plasma of newly hatched turkeys 
in relatively large quantities can be attributed to the passive transfer of 
antibodies from hen to the embryo. Immunoglobulin G Is the main Ig 
transferred from maternal circulation to the egg yolk In chickens and 
turkeys (Brambell, 1970; Rose e t  a?., 1974; Dohms e t  a l . ,  1978). This y -
globulln can be detected In serum of chicken embryos after the 9th or the 
14th day of Incubation (Nace, 1953; Kamlnsky and Durleux, 1956). Passively 
transferred antibodies have been reported to be active against both viral 
and bacterial pathogens. Grandly et al. (1946) reported the presence of 
antibody activity against Newcastle disease virus (NOV) In the yolks of 
eggs obtained from hens that had been exposed to NOV and In serum of their 
progeny. Buxton (1952) and Malklnson (1965) detected the presence of 
antibody activity against different species of SaTmonella and to 
Escherichia coli, respectively, In the egg yolk and serum of newly hatched 
chickens. Moreover, the antibody titers against Salmonella pullorum in egg 
yolk were related to the titers In hen serum (Brierley and Hemlngs, 1956). 
The decrease in plasma IgG observed immediately after hatch In the 
current research Is consistent with data reported by Buxton (1952) and 
Leslie et al. (1976). Buxton (1952) reported that antibody titers against 
Sa lmone l l a  species decreased from 1 to 13 days of age. Leslie et a l .  
(1976) reported that IgG concentration in plasma of chickens decreased from 
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FIGURE 1. Changes In plasma IgG concentration with age of turkeys in 
Experiments 1 and 2. Plasma samples were diluted 500,000-fold 
in Experiment 1 and 100,000-fold in Experiment 2 
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4 to 28 days of age. However, IgG concentration In plasma of turkeys 
reached a minimum at 9 days of age In the current research. 
The decrease In plasma IgG concentration after hatching can be 
attributed to several factors, namely, an Increase In plasma volume, 
metabolic turnover of IgG, reduced synthesis of IgG, and elimination of IgG 
in secretions. Turkeys used in the current research were approximately 
three times heavier at 9 days of age than at the time of hatch (Piquer, 
1994). Therefore, the total volume of plasma, 3.8 mL/100 g BW (Augustine, 
1982), should have increased proportionately during this age period and may 
partly explain the decrease in plasma IgG concentration. Moreover, part of 
the IgG In plasma is catabolized. Leslie and Clem (1970) estimated a half-
life of IgG in chicken serum of 4.1 days and Oohms et al. (1978a) reported 
a half-life of IgG in turkey hens of 5.9 days. 
Elimination of IgG in secretions can also contribute to the decrease 
in IgG concentration in plasma. Besser et al. (1988a) presented evidence 
for the transfer of ^ ^®I-labelled IgGl from the circulation to the 
gastrointestinal tract of calves after i.v. injection of ^^®I-IgG and 
estimated that 68% of the clearance of IgG occurred by transfer to the 
digestive tract. Moreover, Besser et al. (1988b) reported that there was a 
correlation (r - +.84) between the antibody activity against bovine 
rotavirus in the Intestinal mucosa and that detected in serum of calves. 
In research conducted with turkey poults, Ahmed and Saif (1991) reported 
that passively transferred antibodies against rotavirus did not prevent 
infection of turkeys with the virus but reduced the incidence of intestinal 
lesions and reduced the shedding of the virus. Moreover, Shawky and Saif 
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(1992) reported that IgG are transferred from the egg yolk to serum In 
newly hatched turkeys and then to the Intestinal mucosa. 
The fourth factor that may contribute to the decrease In plasma IgG 
concentration after hatch Is a relatively reduced rate of IgG synthesis. 
In studies conducted with chickens, Lawrence et al. (1981) reported that 
the number of IgG-secretIng cells In bone marrow, spleen, Intestine, and 
lung Increased after 9 days of age and reached adult concentrations from 31 
to 50 days of age. Furthermore, Kaspers et al. (1991) studied the age-
related changes In serum IgG concentration of chickens that were the 
offspring of chemically bursectomlzed hens and concluded that IgG synthesis 
began between 2 and 7 days after hatching. Further research Is needed to 
estimate the relative Importance of each of these factors In determining 
the decrease In plasma IgG concentration during the first week of life In 
turkey poults. 
The changes in jejunal IgG concentration observed In the current 
research were consistent between experiments. Concentration of IgG In the 
jejunum decreased from 1 to 7 days of age, then increased until the end of 
the experimental periods. However, the decrease in IgG concentration 
seemed to be less marked than that of plasma IgG. During this period, the 
Intestinal tract of turkey poults develops more rapidly than the whole body 
(Sell et a/., 1991). Therefore, we considered that the total quantity of 
IgG in the intestinal tract probably Increased from 1 to 21 days of age. 
The maintenance of almost constant concentrations of IgG in jejunum may be 
attributed to increased IgG synthesis in the intestinal tract with age 
(Lawrence et a/., 1981; Cook et a/., 1984) and to elimination of IgG from 
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serum In Intestinal secretions (Ahmed and Salf, 1991; Shawky and Salf, 
1992). Lawrence et a7. (1981) reported that the number of IgG-secretIng 
cells In the Intraepithelial lymphocytes and In the lamina propria of the 
Intestine of chickens Increased after 9 days of age. In research conducted 
with turkeys, Cook et al. (1984) and Naqi et a7. (1984) observed that the 
number of IgG-posltlve cells In the small Intestine Increased markedly 
after 3 days of age. Evidence for the transfer of IgG from plasma to 
Intestinal secretions has been presented by Shawky and Salf (1992) and 
Ahmed and Salf (1991) reported a potential protective effect of IgG In 
intestinal secretions against enteric disorders of viral origin as has been 
reported by Besser et al (1988b) with calves. Moreover, Yokoyama et a7. 
(1992) reported that egg yolk Ig against Escherichia coli protected 
neonatal pigs against enterotoxigenic E,  co l i .  
Immunoglobulin A concentration in the jejunum of newly hatched 
turkeys generally Increased from 1 to 21 days of age in both experiments 
(Figure 2). This age-related trend of change Is consistent with that 
reported by Piquer et al. (1991), who observed a 10-fold Increase in 
jejunal IgA concentration of turkeys from 1 to 29 days of age. Moreover, 
we have consistently observed in research reported here and in research 
previously reported (Piquer et a/., 1991) that IgA concentration in the 
jejunum increased from 1 to 3 or 5 days of age, then declined until 9 days 
of age and increased from 9 to 21 days of age. The increase in jejunal IgA 
from 1 to 5 days of age may be partly due to the secretion of biliary IgA 
into the intestinal tract. In previous research (Piquer, 1990; Piquer et 
al.y 1991) reported that IgA concentration in bile decreased markedly from 
141 
I -
eS 
S S 0*2 I 
0.1 
0 
FIGURE 2. Changes in jejunal IgA concentration with age of turkeys in 
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1 to 9 days of age. Concurrent with these changes In IgA concentrations In 
bile and jejunum, the number of IgA-posltlve cells In the Intestinal tract 
Increases after 3 days of age (Cook et *7., 1984, Naqi et a/., 1984) and 
may have also contributed to the Increase In IgA concentration In the 
Intestinal tract from 1 to 5 days of age. In contrast, Kaspers et a l .  
(1991) concluded that IgA synthesis In chickens begins between 6 and 13 
days of age on the basis of IgA concentrations determined In serum, but IgA 
concentrations in intestinal mucosa were not determined in this research. 
Although the age-related changes In plasma IgG and Jejunal IgA were 
similar in Experiments 1 and 2, differences were observed between 
experiments in the concentration of IgG in plasma and IgA in jejunum. 
Plasma samples were diluted 500,000-fold and 100,000-fold in Experiments 1 
and 2, respectively, to obtain similar absorbance values (Figure 1). Also, 
jejunal samples obtained in Experiment 1 gave greater absorbance values 
than samples obtained in Experiment 2 when IgA was measured (Figure 2). 
Moreover, the concentration of the primary antibody had to be doubled with 
respect to that used in Experiment 1 to obtain the absorbance readings 
reported. When the concentration of primary antibody was the same as that 
used in Experiment 1, IgA could not be detected until 14 days of age in 
samples obtained in Experiment 2. We hypothesized that the reduced 
concentration of IgG in plasma and IgA in jejunum observed in Experiment 2 
as compared with Experiment 1 may be related to the size of the eggs and 
hatch!ing and/or Immune status of the hens. Egg weight is correlated with 
BW at 1 day of age and early growth in turkeys and chickens (Scott and 
Phillips, 1936; Tufft and Jensen, 1991). Turkeys obtained in Experiment 2 
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were smaller at 1 day of age than those obtained In Experiment 1 (Piquer, 
1994). However, the relationship between egg size and the transfer of 
passive immunity should be determined to test this hypothesis. 
Immunoglobulin concentrations In plasma of the hens may determine the 
concentration of Ig In the egg and, therefore, in the plasma of newly 
hatched turkeys. Buxton (1952) reported that there was a direct 
relationship between antibody titers against Salmonella in hen serum and 
titers detected in the Immunoglobulin fraction of the egg. 
The absorbance measurements obtained in the blastogenesis assay were 
due to the color produced by reduction of MTT to formazan crystals in the 
mitochondria of live cells (Mosmann, 1983). The absorbance values obtained 
in this assay increase linearly from 100 to 100,000 cells/well (Mosmann, 
1983; Green et a7., 1984). Moreover, the reduction of the MTT dye can be 
attributed almost exclusively to the activity of leukocytes. Red blood 
cells from chickens or sheep do not cleave MTT to a significant extent and 
absorbance values remain constant irrespective of the number of 
erythrocytes (Mosmann, 1983). It should also be considered that 
lymphocytes stimulated with Con A produce significantly more formazan 
crystals than those not stimulated (Mosmann, 1983). Therefore, we 
interpreted the absorbance values obtained in the current research as an 
indication of leukocyte number and/or activity. 
Unstimulated control wells containing blood from SAL-injected turkeys 
had more leukocytes or more active leukocytes (P<.01) at 8 days of age than 
blood samples from LPS-Injected turkeys and this effect seemed to be more 
marked in turkeys fed the HE diet (P<.07 for diet x injection interaction). 
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The reduction In absorbance observed might have been due to a decrease In 
the number of leukocytes. Farr and Le Quire (1950) reported that l.v. 
Injection of Eberthella thyposa into rabbits produced a reduction In 
heterophils and mononuclear cells. The reduction in heterophils was 
overcome after two hours but the reduction In mononuclear cells was still 
persistent after 6 h. Benacerraf and Sebestyen (1957) reported that 
injection of LPS into rabbits impaired the phagocytic activity of the 
reticuloendothelial system of rabbits, as measured by a carbon clearance 
technique, within 24 h after injection but phagocytic actvity returned to 
normal values 72 hours after injection. According to Arredondo and 
Kampschmidt (1963), the decrease in phagocytic activity was preceded by an 
increase 2 h after LPS injection. Also, Kinosita (1963) reported that a 
single injection of LPS caused degenerative changes in the bone marrow of 
mice and that the structure of bone marrow was not well restored until 7 
days after LPS injection. 
In the current study, the response to Con A stimulation was not 
affected by diet or Injection. It should be noted that the absorbance 
values obtained at 8 days of age in Con A-stimulated wells were 2.5 or more 
in most of the samples. This may have limited the ability of the technique 
used to measure the response of blood samples to Con A stimulation because 
measurements of absorbance above 1.0 are associated with large errors 
(Robyt and White, 1987). Therefore, we consider that the whole blood assay 
should be modified to obtain absorbance values with less error. Further 
dilution of the blood samples before delivery to the culture wells (Sharma 
and Belzer, 1992) or prior to reading the absorbance values may help obtain 
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more accurate data. 
In spite of the ambiguous interpretation of the data, we concluded, 
on the basis of the data obtained In control and Con A- and LPS-stimulated 
wells, that the ability of leukocytes from turkeys fed the HE diet to 
respond to mitogenic stimuli may have been Impaired. The adverse effect of 
the HE diet on proliferation in response to LPS may have been due to the 
presence of triglycerides In the plasma fraction. Sedman et al. (1990) 
reported that the Inclusion of triglycerides in culture media at a 
concentration of 20 mg/100 mL or more Inhibited the responses of human 
lymphocytes to Con A stimulation. The more marked effect of the HE diet in 
turkeys Injected with LPS may have been due to the increase In blood lipids 
that occurs after LPS Injection (Klasing, 1988). 
Responses to LPS are interpreted mainly as an indication of B 
lymphocyte proliferation and phagocyte function (Roeder et al., 1989). 
However, LPS from f. coli has been reported to stimulate chicken monocytes 
(Qureshi and Miller, 1991) and peritoneal macrophages in mice (Forbes, 
1965). Moreover, McGhee et al. (1979) reported that both T lymphocytes and 
macrophages play a role in the in vitro responses of mice lymphocytes to E. 
coli LPS. Therefore, we considered that the responses of turkey blood 
samples to in vitro LPS stimulation in the current research should be 
interpreted as an indicator of overall Immune function. Thus, we concluded 
that the HE diet may have impaired the ability of turkey poults to respond 
to mitogenic stimuli at 8 days of age but determinations at later ages 
should be done to determine whether or not this effect can be consistently 
detected. 
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In summary, an early Immune stress or dietary changes did not affect 
the concentration of IgG In plasma and jejunum or the concentration of IgA 
In jejunum, and their developmental patterns were consistent In the two 
experiments. However, turkeys In Experiment 2 received less passive 
Immunity from the egg than those In Experiment 1 and had less quantities of 
plasma IgG and jejunal IgA. The possible relationship between Ig 
concentration at the time of hatch and growth has yet to be determined. 
Induction of an early Immune stress by LPS Injection may have reduced the 
number or baseline metabolic activity of leukocytes as determined in vitro. 
Feeding a diet with 3,700 kcal ME^kg and 28.5% crude protein may have 
Impaired the ability of turkey poults to respond to an antigenic challenge. 
Further research would be needed to better ascertain the effects of an 
early Immune stress and the consequences of feeding diets with a high 
energy value to turkeys on leukocyte number and/or function. 
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GENERAL SUMMARY 
The research presented In this dissertation was designed to Induce an 
Immunologic stress in newly hatched turkeys and to study the consequences 
of the induction of this immune stress and of modifying the nitrogen-
corrected metabolizable energy (ME^) of the diet on growth, nutrient 
retention, and selected characteristics of immune function. 
In a preliminary experiment, injection of lipopolysaccharide (LPS) 
from Escherichia coli was used to induce an immune stress in newly hatched 
turkeys as indicated by a depression in growth and feed intake. 
Furthermore, the ME^ value of the diets needed to equalize energy Intake of 
LPS-Injected turkeys to that of turkeys Injected with saline (SAL) and fed 
a diet with 2,800 kcal NE^/kg was calculated. Based on this estimation, 
diets with 3,100 and 3,700 kcal ME^/kg were formulated and were tested in 
two subsequent experiments. 
Eight treatments were included in each of the two experiments. 
Treatments were the result of complete factorial arrangements of two types 
of injection and four isonitrogenous diets. Turkeys in both experiments 
were Injected intraperitoneally with .5, .5, and .2 mL of saline (SAL) or a 
solution of Escherichia coTi lipopolysaccharide (LPS) (100 fig/ml SAL) at 1, 
3, and 5 days of age, respectively. In Experiment 1, two diets were 
formulated to contain 2,800 kcal MEp/kg. One was a corn-soybean meal based 
diet (CSBM) and the other contained 8% Solkafloc® (SKF). A third diet 
(3,100 kcal MEp/kg) was formulated by substituting 8% sucrose (SUC) for the 
8% SKF. The fourth diet included in Experiment 1 was formulated to contain 
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3,700 kca1 NE^/kg. The CSBM and SUC diets were also Included in Experiment 
2. Two additional diets tested in Experiment 2 were the CSBM diet 
containing 74.5 mg Ibuprofen*/kg (IBU) and a corn-soybean meal based diet 
formulated to contain 3,100 kcal ME^kg. 
Injection with LPS decreased feed intake (P<.05) of turkeys, 
irrespective of diet and, as a consequence, body weight (BW) was reduced. 
Increasing dietary MEp to 3,100 kcal/kg improved BW of turkeys (P<.05), 
irrespective of injection. Thus, the reduction in BW caused by LPS 
injection was not fully compensated. Feeding a diet with 3,700 kcal MEykg 
improved BW of turkeys during the first week of life as compared with 
feeding diets with 2,800 kcal MEykg but impaired growth from 9 to 21 days 
of age. Addition of Ibuprofen® to the CSBM diet increased BW of turkeys 
(P<.05) at 14 days of age by improving feed utilization. 
The MEn values of the diets were not affected by LPS injection. The 
reduction in energy and nitrogen retention per poult observed in turkeys 
injected with LPS as compared with those injected with SAL was due to the 
reduction in feed intake. Turkeys fed diets with 3,100 kcal ME^kg 
retained more energy (P<.05) than those fed diets with 2,800 kcal ME^/kg 
whereas the quantity of nitrogen retained per poult was similar. The 
improvement in BW of turkeys fed the IBU diet was attributed to an improved 
nitrogen retention (P<.01). Sucrase specific activity (SSA) was determined 
as an indicator of the development of the digestive capacity of the small 
intestine. Neither injection nor diet affected consistently SSA from 5 to 
21 days of age. 
155 
The characteristics of immune function determined were concentration 
of immunoglobulin (Ig) G In plasma and jejunal mucosa, concentration of IgA 
in jejunum, and responses of whole blood to stimulation with concanavalin A 
and LPS from Salmonella typhywurium. Immunoglobulin concentrations were 
not consistently affected by diet or injection. Thus, the age-related 
trends of change were studied using the overall means as determined at each 
of the ages studied. Plasma IgG decreased markedly from 1 to 9 days of age 
then increased until 21 days of age. The concentration of IgG in the 
intestinal tract remained almost constant throughout the experimental 
periods and only decreased slightly from 1 to 5 or 7 days of age. Jejunal 
IgA generally increased from 1 to 21 days of age. However, a peak of IgA 
concentration was consistently observed at 5 days of age. Turkeys in 
Experiment 1 had greater concentrations of IgG in plasma and IgA in jejunum 
that those used in the Experiment 2. 
The only effect of LPS injection on Immune function observed in the 
current research was a reduction in the number and/or baseline metabolic 
activity of leukocytes at 8 days of age (P<.OI). Responses of blood 
samples from turkeys fed a diet with 3,700 kcal ME^kg to stimulation with 
LPS in vitro were reduced as compared with samples from turkeys fed the SUC 
diet (P<.01). 
Induction of an early immune stress by LPS injection in turkey poults 
consistently reduced BW and did not markedly affect nutrient retention or 
the characteristics of immune function studied. Incrasing dietary ME^ of 
turkey starter diets to 3,100 kcal/kg improved growth of both SAL- and LPS-
injected turkeys but did not fully overcome the adverse effects of LPS 
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Injection on growth. Feeding a diet with 3,700 kcal ME^/kg reduced growth 
and seemed to adversely affect the capacity of young turkeys to respond to 
mitogenic stimuli as Indicated by in vitro responses to Con A and LPS 
stimulation. Age-related changes In Ig concentrations Indicate that the 
ability of young turkeys to synthesize IgG and IgA was limited at the time 
of hatch and then developed rapidly during the first 2 weeks of life. 
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